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Abstract 
Computer Science has been increasingly prevalent in K-12 education in recent decades. 
Most Americans believe that Computer Science is as important as other skills taught in school; 
further, parents are putting pressure on districts to offer Computer Science programs (1.1). To 
meet this demand, many teacher preparation programs are adding Computer Science 
Education to their offering of degrees. This thesis investigates Agile and Scrum product 
development as a potential method of Computer Science instruction, explores the standards 
relevant to a Computer Science teacher, and offers a prospectus for a new Graduate Level 
Methods class to prepare Computer Science teachers to utilize the Scrum framework in 
standards-based instruction at the K-12 level (1.3). To create the prospectus, research from 
peer-reviewed articles, case-studies, and implementation guides relating to the topics of 
Scrum and Computer Science standards are reviewed. The implementation, validity and 
importance of Scrum, and its educational variant eduScrum, are compared based on the roles, 
rituals, and artifacts utilized in each framework. The results justify eduScrum as a valid method 
for problem-based, constructivist Computer Science instruction (2.10-2.12). The background, 
validity, and importance of three sets of Computer Science standards (K-12 Computer 
Science Framework, NYSED, and ISTE) are explored (3.1-3.3). These standards were selected 
for their relevancy to Computer Science certification in New York State and the support of 
industry, professionals, and lawmakers. The results justify the inclusion of all three 
standards as crucial to curriculum in New York State (3.4). The thesis culminates in the 
creation of a prospectus for the Student Learning Objectives and structure of a Methods of 
Computer Science Instruction class at the Graduate level (4.1-4.4). The SLO’s are created 
utilizing Bloom’s taxonomy (4.1). The prospectus recommends Scrum in the creation of 
Learning Segments utilizing relevant standards, topics, concepts and research literature. The 
prospectus models Scrum at all levels and is a valid way to teach constructivist, problem-
based learning (4.2). More research is needed on the effectiveness of Scrum with low 
performing students, the use of eduScrum at the K-12 level and the implementation of the 
prospectus as a class at SUNY/Buffalo State. 
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Chapter 1: Introduction to Research 
1.1 Introduction 
Computer Science classes have grown in popularity across American secondary schools 
in recent years. Many see developing Computer Science skills as an essential step towards 
becoming an informed and productive citizen. According to a 2015 Horizon Media study, 
Americans believe computer science is as important to learn as reading, writing, and math; in 
fact, most parents want their child’s school to offer computer science classes (K-12 Computer 
Science Framework, 2016, p. 12). This has led to an increased demand for qualified computer 
science teachers.  
Computer Science Education is a relatively new field. As such, not many colleges offer 
programs that specialize in this field. With the introduction of the K-12 Computer Science 
framework and the rumors of a Computer Science Education certification in New York State, 
Buffalo State is in the process of creating a Computer Science Education program within its 
existing Career and Technical Education department. This Master’s class should train teachers in 
how to utilize the Agile methodology of product development to teach standards-based 
Computer Science classes.  
There is a wealth of research proving Agile’s effectiveness at managing software 
development and its prevalence in different industries. Scrum is the most common Agile 
framework to be used in industry. A form of Scrum, eduScrum, was developed to apply the 





this thesis, the researcher will explore the different Computer Science standards and how 
eduScrum can be used to teach them. This culminates in a proposal to Buffalo State on how to 
incorporate eduScrum and Computer Science standards into the curriculum for its Master’s level 
Methods of Computer Science Instruction class. 
1.1.1 Search Terms 
There will be several terms used to search for literature. The basic terms for this thesis 
are Scrum, Computer Science, and Standards. There are several search terms related to each of 
these. Combinations of different search terms may be used for different inquiries. The core 
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● Independent Learning - Learning done outside of a structured academic setting such as a 
high school classroom. 
● Effectively structure - The curriculum and implementation most likely to give each 
student a higher chance of success in the area of instruction. 
● Teacher - Mentor, whether in a formal school environment or someone who takes a 
protege's learning upon themselves. 
● Secondary School - American schools containing the grades 9-12. 
● Computer Science - All subsections of the study of computers and society's interactions 
with them. Use interchangeably with Programming, Information Technology, and 
Computational Thinking. 
● Methods - In this context, Methods refers to the methodology and pedagogy of teaching 
Computer Science. The intention for this thesis is to describe the methods most 





● Agile - Also known as Agile Project Management and Agile Product Development, are a 
set of beliefs and practices used by the Computer Science industry to increase 
productivity that was first out lined in the Agile Manifesto of 2001. May be used 
interchangeably with Scrum in some areas. 
● Scrum – A methodology of project planning and implementation used in the Computer 
Science industry. Is sometimes combined with other methodologies such as Kanban and 
DevOps, and is considered part of the Agile paradigm. May be used interchangeably with 
Agile in some areas. 
● SLO – Student Learning Objective, or the expectation of what a student should walk out 
of the class knowing. 
● Learning segment – A collection of 3 to 10 lessons that explore a designated topic. These 
lessons should build off one another and culminate in a project, assessment, or 
presentation. The exact length of the learning segment required for the students to receive 
credit in the class outlined in Appendix A is to be determined by the professor teaching 
the class. 
● Rationale – An explanation and justification of the choices made during a particular 
project.  
● Buffalo State – The State University of New York at Buffalo State. 
● Waterfall - A project management technique where decisions are made by the project 
managers at the beginning of the development process and implemented by the 





1.2 Research Questions 
In this thesis, the researcher explores the following questions: 
● What are Agile and Scrum, and what potential application could they have to a K-12 
Computer Science classroom? 
● What are the Computer Science standards relevant to New York State K-12 Computer 
Science education? 
● What should a class preparing future educators to teach Agile and Computer Science 
standards look like at the Master's level? 
● What Student Learning Objectives address these needs? 
1.3 Method 
The method of this thesis will be an integrative literature review of the academic journals 
and peer-reviewed articles relating to the research questions. All sources will be obtained 
through the State University of New York at Buffalo State library or the internet. 
For the research process, information will be pulled from sources within the scope and 
criteria below. Chapter 2 of this thesis will discuss Agile, Scrum and eduScrum and their 
potential applications to the classroom. Chapter 3 will discuss 3 sets of Computer Science and 
Technology standards relevant to NYS Computer Science teachers. Chapter 4 will model how a 
Computer Science Education Master’s class could incorporate instruction of Agile 
methodologies and the standards discussed in Chapter 3. Chapter 5 will discuss the potential 





1.3.1 Inclusion Criteria 
All articles reviewed for this thesis are relevant to the questions posed and obtained 
ethically. Both qualitative and quantitative studies may be included. Sources used for this 
information have been published after January 8, 2002. This date marks the signing of the No 
Child Left Behind Act, a significant event in the American education political landscape.  
1.3.2 Ethical Issues 
Any major ethical issues involved in this integrative literature review would deal with 
information collection or dissemination. All information referenced in this thesis will be obtained 
legally. This information will be reported accurately and properly cited. If confidentiality is an 
issue for any subject discussed, appropriate means will be used to protect the privacy of the 
individuals and organizations involved with that subject. 
1.4 Limitations and Assumptions 
This thesis will limit information sources to only those accessible through the Buffalo 
State library circulation system and the internet. The thesis will limit its scope to American 
public and private schools. This thesis is not focused on the individual concepts taught in 
Computer Science classrooms; rather, the thesis explores methods of instruction for these 
concepts and the standards relevant to that instruction.  
This thesis assumes that information in literature is cited correctly. Information provided 
in literature is assumed to be provided without malicious intent. This thesis assumes that the 





and ISTE standards are the frameworks that most Computer Science classes will utilize when 
implementing their Computer Science curriculum. It is assumed that all of these frameworks are 
valid. The only standards used from these frameworks are those that apply to students and 
teachers. Since the NYSED Standards are currently in their final draft, it is assumed that the final 
version will be very similar to the draft and the standards cited in this thesis will be present in the 
final version. Crosswalks between different frameworks are based on the personal judgement of 
the creator of this thesis. The crosswalks are not meant to explain relationships or interactions, 
but to highlight areas and topics of interest. The purpose of these crosswalks is for activity 
design and is considered exploratory in nature.  
It is assumed that the common use of frameworks within the Computer Science industries 
validate them as effective. While these frameworks have been developed for environments other 
than the classroom, it is assumed that the increased productivity gained by these frameworks 
would be beneficial to the Computer Science classroom as well. The Student Learning 
Objectives and curriculum for the Computer Science Methods class are created at the discretion 
of the author.  
 The Master’s Class modeled in Chapter 4 of this thesis is based on a class containing 
teams of five students. It is assumed that the workload for the students is appropriate and that 
previous classes students have taken will prepare them to complete learning segments to the 
standards expected by Buffalo State. The class is a general recommendation for the structure of a 





their creation and implementation of new classes. The length and standards of these learning 
segments are up to the discretion of the professor teaching this class. It is assumed that students 
will benefit from experiencing eduScrum roles, and that learning the eduScrum process while 
participating in it is the most effective way for them to learn.  
Chapter 2: Agile, Scrum, and eduScrum Frameworks 
2.1 Background 
 Historically, the software development industry applied a top down approach to their 
project management. A project manager or software architect would determine the features and 
design of a system and the developers would create it. This approach is referred to as Waterfall, 
for the way information and decisions flow from the top of the organizational chain to the 
bottom. As described by Lei, Ganjeizadeh, Jayachandran, and Ozcan (2017), the “…Waterfall 
model assumes that the team has nearly perfect information about the project requirements, the 
solutions, and ultimately the goal” (p 59). The preplanned approach to system design ultimately 
increased the cost of the projects and made them inflexible to changing requirements. 
Stakeholders in the process became aware of the inflexibility of this process. As stated by Lei et 
al., “…it had become evident that the approach lacked effectiveness in addressing the needs of 
customers, managing rapidly changing scope, delivery time, and cost of the project” (2017, p. 
59). 
 Lei et al. go on to describe how this led to the development of the Agile movement. The 





frameworks have been created that implement the principles outlined in the Manifesto. The first, 
and most popular of these, is the Scrum framework (Lei et al., 2017). Chapter 2 will explore the 
elements, principles, and applications of the Agile methodology and Scrum framework in 
industry and in pedagogy. 
2.2 Scrum Framework 
 As described by Lei et al., the Scrum framework “…is a project management 
methodology that uses iteration and implementation” (2017, p. 60) and is based on the following 
three principles: 
● “Transparency: The process must be visible to everyone who is involved in the project” 
(p. 60). 
● “Inspection: Scrum users must inspect Scrum artifacts frequently to detect problems in 
early stages” (p. 60). 
● “Adaptation: If an inspector determines that some aspects of the project are unacceptable 
and outside of the project scope, the process can be adjusted to avoid further problems” 
(p. 60). 
These principles are incorporated into the roles and rituals of the Scrum framework.  
As can be seen in the principles above, all stakeholders are involved in the creation and 
implementation of the project. The members of the team are normally divided into separate roles. 





2.3 Application to Education 
 Agile Software Development is often associated with constructivist learning theory. 
According to López-Alcarria, Olivares-Vicente, and Poza-Vilches, “…adopting an agile 
approach in education can be linked to the experiential learning theories of Dewey, Kolb and 
Table 1: Main differences between traditional behavioral learning and Agile constructivist learning. (López-





Piaget, which all state that knowledge develops as a result of direct experience” (2019, p. 10). 
Table 2: Linden’s Interpretation of the Agile Manifesto Principles for the Student-Centered Learning Environment. (Linden, 





Lopez-Alcarria et al. go on to describe problem-based learning as a constructivist-learning 
paradigm (2019). In problem-based learning, “…small groups of students engage in cooperative 
learning and collaboration to solve complex problems in an authentic project context” (El-
Khalili, 2013, p. 1). In the context of education, Agile and Scrum are used as an implementation 
of problem-based learning. As observed by Linden, “…students’ learning needs are affected by 
many variables and therefore educators should consider Agile teaching approaches” (2018, p. 
66). 
 López-Alcarria et al. (2019) further elaborate on how an Agile based classroom compares 
with a traditional learning environment: the role of professor as a facilitator of the learning 
process, the continuous evaluation, and the flexibility to students’ interests and performance. The 
researchers went on to detail how Agile project management terminology relates to an 
educational setting. The results of this comparison are viewable in Table 1. The researchers 
reference several other authors’ attempts to apply the values of the Agile Manifesto to the field 
of Education. López-Alcarria et al. (2019) detail these attempts: 
● Kamat’s Agile Education Manifesto  
o Teachers and Students over Administration and Infrastructure (p. 10) 
o Competency and Collaboration over Compliance and Competition (p. 10) 
o Employability and Marketability over Syllabus and Marks (p. 10) 
o Attitude and Learning skills over Aptitude and Degree (p. 10) 





o Individuals and interactions over processes and tools (p. 10) 
o Meaningful learning over the measurement of learning (p. 10) 
o Stakeholder collaboration over constant negotiation (p. 10) 
o Responding to change over following a plan (p. 10) 
Linden interpreted each of the Agile Manifesto Principles through the lens of a Student-Centered 
Learning environment. The results of their interpretation are detailed in Table 2.  
2.4 Implementation of Scrum in Education 
2.4.1 Swinburne 
 During the 2018 school year, Swinburne University of Technology adapted Scrum to 
“…teaching and learning in the context of the self-regulated learning framework” (Linden, 2018, 
p. 66). As described by Linden, their interpretation was created to coincide with Young’s Social 
Cognitive Framework for Self-Regulated Learning (2018). As for the role described above, the 
students would play the role of developers and the professors would serve as the customers. 
There is no mention of Scrum Master or Product Owner. In their system, students would not be 
graded on the quality of submitted work, but would get detailed written or verbal feedback from 
their professor. The student would not get credit for the assignment until the professor marked it 
as complete (Linden, 2018). 
 Linden (2018) further elaborates on the grading system implemented. Grading is 
determined by the difficulty of task attempted by the student. The tasks were rated as pass (P), 





themselves for what level they wanted to achieve and were given tasks on their learning platform 
based on their goal. The students must also complete two closed book tests to ensure their 
understanding of the material (Linden, 2018). 
 This lead to some interesting results for the researcher. Students were reaching for higher 
than they could achieve and would need to backtrack their expectations. As Linden wrote: 
Most students start with aiming at high distinction which reflects on their 
goal-orientation behavior and their perceived competence. Those who 
are mastery-oriented usually keep this goal throughout the semester and 
take action to achieve it. If they scale back, it is usually to distinction 
level. Students selecting high distinction for ego-social reasons often do 
not achieve this level when they discover that the learning curve is steep 
and the tasks are getting more difficult from one week to another and 
require constant efforts and regular submissions and resubmissions to 
achieve the required quality. These students try to wear down staff by re-
submitting the work with little changes and show a lack of interest in 
gaining knowledge. (Linden, 2018, p. 69) 
Their adaptation of the Scrum framework, while not being true to the rituals and roles of Scrum, 
added some interesting ideas to how Scrum could be implemented in a more traditional 
educational environment. The results of this experiment will be analyzed in the Validity (2.6) 





2.5 Implementation in a differentiated K-12 Classroom 
 Scott et al. (2016) researched into how different learning styles affect the use of Scrum in 
a learning environment. They organized students into Active and Reflective categories and 
adjusted their implementation of Scrum accordingly. How they implemented each approach is 
described in Appendix B. The researchers observed “…that reflective students obtained higher 
scores… than active students when taught by means of the passive instructional method, whereas 
active students obtained higher scores on average than reflective students when taught by means 
of the active instructional method” (Scott et al., 2016, p. 250). This shows us that it is important 
to consider each student’s learning style when implementing an Agile framework in the 
classroom. 
 There is very little research on the use of Agile in K-12 Education. Of the papers studied 
by Salza et al., only “…10%, are papers targeting K-12 students, from a minimum of 4- to 19-
year-old (the ranges can change according to different countries). The rest is focused on academy 
students, where 87.5% is for undergraduates and 18.5% specifically for master students” (2019, 
p. 28). However, several schools have already implemented Agile programs in their schools. As 
described by Loewus, several Virginian schools have successfully implemented Agile in their 
classrooms and central offices. The middle school teachers quoted in the article both responded 
positively to the use of Agile in their History and Science classrooms. One teacher did, however, 
have to simplify the Scrum process to make it effective in his classroom (Loewus, 2017). Based 
on the information above, it is clear that with the right modifications, Agile and Scrum can 






2.6.1 Connection to Industry 
 Agile and Scrum are used by the majority of industry organizations in the Computer 
Science field. A 2011 survey by Version One ascertained that 80% of the respondents to its 
survey worked for organizations that had adopted Agile practices. Of that portion, 66% were 
using Scrum or Scrum variants (El-Khalili, 2013). In a survey 5 years later by the same 
organization, they reported that the respondents who used Scrum or Scrum variants had grown to 
82% (May, York, Lending, 2016). In a personal communication between May et al. and Erica 
McDowell, a Booz Allen Hamilton executive, in 2015, McDowell discusses the state of Scrum 
and education: 
In the last three years of my career, I have yet to see one government 
RFP that did not include some form of a Scrum reference. These days, 
the Scrum framework and Agile thinking have become the norm. 
Therefore, we place a strong emphasis on students who have been 
Figure 1: Project success rates depending on project management methodology employed (left).  Figure 2: Project 
failure rate depending on project management methodology employed and project size (right).  (López-Alcarria et al., 





exposed to agile thinking in general and the Scrum framework in 
particular. (May et al., 2016, p. 87) 
The Standish Group Chaos Studies found that Agile projects were more likely to be 
successful than projects conducted in the traditional Waterfall project management technique. 
Agile is more than twice as effective as Waterfall when it comes to large projects. Please see 
Figure 1 and 2 above. Figure 1 (on left) describes the project success rates based on which 
project management technique employed was employed. Figure 2 (on right) describes the failure 
rate for each project methodology depending on the size of the project (López-Alcarria et al., 
2019). 
2.5.2 Skills Developed Using Agile 
 In their paper describing Agile practices for the Environmental Sciences discipline, 
Lopez-Alcarria et al. (2019) extensively describe the skills developed by students who engage in 
Agile practices. As stated in the background above, Agile is deeply rooted in the constructivist 
philosophy of education. Lopez-Alcarria et al. (2019) also provides the following as key 
competencies of constructivism that are fostered in an Agile approach to education: 
● Autonomy in the generation and construction of knowledge. (p. 10) 
● Evaluation of alternative solutions. (p. 10) 






● Critical thinking: meta-cognition and reflection in the process of knowledge construction. 
(p. 10) 
● Systemic thinking: individuals have a general mind map of the knowledge they generate 
since it springs up from their own experience. (p. 10) 
● Use and management of different sources of knowledge. (p. 10) 
At the time of writing this thesis, the world is currently in the COVID-19 pandemic. Many 
school districts (including the author’s employer) are concerned with the implementation of 
distance learning programs in anticipation of school closure. Lopez-Alcarria et al. (2019) 
describe how digital platforms used in Agile work (such as Trello, Jira, etc.) fosters connectivism 
and expands on Vygotsky’s Zone of Proximal Development, which fosters the following 
competencies in students: 
● Ability to understand and visualize connections between different areas, ideas and 
concepts that generate knowledge (p. 10) 
● Decision making (p. 10) 
● Ability to innovate and generate revolutionary ideas (p. 10) 
This adds to the initial research on how learning styles interact with the implementation of 





Lopez-Alcarria et al. (2019) further go on to describe how Active learning, a strategy of 
learning through collaborative experience and self-reflection, develops the following 
competencies in both students and teachers: 
● Comprehension (p. 11) 
● Critical thinking (p. 11) 
● Reflection (p. 11) 
● Reconstruction of knowledge (p. 11) 
● Collaboration (p. 11) 
● Search, analysis and synthesis of information (p. 11) 
● Active problem solving (p. 11) 
This collaborative learning environment also leads to the following student competencies, 
according to López-Alcarria (2019): 
● Self-regulation of learning (p. 11) 
● Open-mindedness to others’ ideas. Identification of strengths of team members (p. 11) 
● Learning to learn, building effective knowledge and mental models (p. 11) 





These competencies are crucial to creating proficient Computer Scientists and lifelong learners. 
 Lopez-Alcarria in the course of their paper mapped out the Key Environmental Science 
Competencies to the Key Agile Educational Competencies. While these are not explicitly 
defined as Computer Science competencies, each of the Key ESD Competencies can be seen as 
an essential skill for a Computer Science student. This comparison can be seen in Table 3 above. 
2.7 Pedagogical Implications 
 In the Swinburne example described in the background, Linden (2018) provides the 
University’s implementation of the Scrum framework. Young’s Social Cognitive Framework 
guided their implementation for Self-Regulated Learning. This framework shows how the 
Table 3: Key Environmental Sciences Competencies compared to Key Agile Education Competencies. (López-





classroom environment contributes to self-regulated cognition, motivation and self-regulated 
behaviors. The model can be seen in Figure 3. Table 4 shows how Linden mapped their process 
to Young’s Framework. Doubtfire, in this case, is the learning management system they used for 
the Scrum process (Linden, 2018). Linden (2018) observed the following results from their 
study: 
Figure 3: Young’s Social Cognitive Framework for Self-Regulated Learning (Linden, 2018, p.68) 





● The results demonstrate that the majority of our students are in favor of the environment 
that allows them to work using a Scrum approach and supports self-regulated learning (p. 
72). 
● “Their responses and comments show their satisfaction with the ability to work in short 
sprints, submitting incremental deliverables, and having a way to keep track of their 
progress” (p. 72). 
● “These responses also illustrate the importance of perceived autonomy and perceived 
competence” (p. 72). 
● “They show appreciation of feedback and the ability to learn from it” (p. 72). 
It is important to note that although Linden observed many positive outcomes from their 
implementation of a Scrum-like framework, they did not meet their goal of reducing student 
failures in Swinburne’s introductory Programming class. They found that “…38% (of students) 
completed less than 75% of tasks,” and observed that these students “…demonstrated a 
superficial approach to their studies and a lack of interest in learning” (Linden, 2018, p. 72). 
Although the use of Agile did not decrease their number of failing students, Linden did remark 
positively on the use of the Scrum framework for students who were motivated and interested in 
learning (Linden, 2018). 
 Based on surveys of students interacting with a Kanban framework (a different Agile 
methodology), Saltz and Heckman (2020) found that the majority of responses (73%) showed 





83 demonstrated evidence of internalizing at least one Agile concept. The two that were most 
commonly identified were reflection and self-organization. (Saltz, Heckman, 2020) 
2.8 Importance 
 It is clear from the surveys of industry that the Scrum framework, and the Agile 
methodology, are dominating the different Computer Science industries in terms of practice. It 
can be assumed that any student who decides to enter this field will be exposed to Agile at some 
point in their career, and therefore that knowledge and skills with an Agile methodology would 
be valuable to potential employers of a student.  
 The background with the Scrum framework would give students several essential life 
skills such as collaboration, time management, reflection, autonomy, and problem solving. These 
skills make students marketable to the Computer Science industry, but are coveted in most 
industries and educational institutions. Although Linden’s (2018) research didn’t prove that this 
would raise low performing students’ academic engagement, Saltz and Heckman’s (2020) 
research show that the majority of students internalize at least some aspect of the Agile 
methodology.  
 Not only do students receive essential skills and background in their learning, it also 
raises students’ satisfaction. According to Loewus, several teachers in Virginia who have 
implemented Scrum in their middle school classrooms have seen an improvement in student 
engagement (2017). In the Swinburne study, 88.6% of students preferred their version of Scrum 





 One of the major difficulties in problem-based learning is how to structure student 
learning in a meaningful way that allows them to explore ideas and topics while still maintaining 
the structure needed to fit learning objectives and deadlines. Scrum offers a potential solution to 
this problem. It allows for more ambiguous projects by adapting to the changing needs of 
stakeholders and structuring daily and weekly rituals involved in the process. These rituals give 
the students a sense of normalcy while also giving them a say in the creation of project ideas. 
      The researcher sees implementation of an Agile framework, at some level, to be 
essential to modern Computer Science education. Following that logic, it is essential for any 
teacher preparation program to offer a class that prepares teachers to implement it in their 
classrooms. The Scrum framework is the most widely used, researched, and accessible Agile 
methodology for this purpose. As the class detailed in this thesis is an upper level Methods of 
Instruction class, it makes sense for the inclusion and exploration of Scrum rituals and how they 
apply to the classroom.  
2.9 Scrum Methodology 
 The Scrum methodology can be split into three basic components: rituals, roles, and 
artifacts. Within the remainder of this chapter, each of the components will be discussed. The 
roles and rituals will be explained individually, and the artifacts will be discussed in the context 
of the rituals they support. After a component is discussed, its application to education will be 





 The eduScrum framework is a framework developed in the Netherlands in 2011. Alphen 
aan den Rijn, a chemistry teacher, began implementing a modified version of the Scrum 
framework with his students between the ages of 12 and 18. This version of Scrum was later 
codified in the eduScrum guide (Wijnands & Stolze, 2019). As of 2016, several universities 
across Europe have already modeled entire classes around the eduScrum approach (May et al., 
2016). 
 The eduScrum framework makes several distinct changes from the Scrum framework. 
These changes will be discussed in each section about Scrum components. It must be stated that 
the rules of Scrum, as described by Sutherland and Schwaber (2017), are immutable. This means 
that to change the rules in any way would result in something that isn’t Scrum (Sutherland & 
Schwaber, 2017). Wijnands and Stolze echo a similar sentiment with eduScrum, arguing: 
You cannot do eduScrum halfway. Each part is there for a reason. If one 
single eduScrum component makes your situation better, it is obviously 
smart to apply that. Fine. But that does not make your teaching 
eduScrum yet. You should not seek to adjust eduScrum to your situation 
because eduScrum, like Scrum, is a system that works like a Swiss clock. 
Whatever you do and how you apply it, use all the elements. It is a 
precarious game. If you want to use parts of eduScrum because it seems 





can be achieved. eduScrum works as a whole and delivers more than the 
sum of the parts. (Wijnands & Stolze, 2019, p. 113) 
For this reason, the recommendation featured in Chapter 4 of may not be able to technically call 
itself Scrum or eduScrum (depending on whether the resulting framework meets all the 
eduScrum criteria). 
2.10 Scrum Roles 
2.10.1 Product Owner in Scrum 
In the Scrum framework, the Product Owner is responsible for managing the Product 
Backlog. The Product Backlog is the list of everything that is needed for a product. It is the 
source of all requirements needed to implement and change a product. The backlog lists all 
features, functions, enhancements, and fixes that could change or create the product. The Product 
Backlog is considered dynamic. This means that it adapt and changes overtime (unlike the 
product requirements in traditional Waterfall development). It is ordered by priority as 
determined by the Product Owner (Sutherland & Schwaber, 2017). 
The Product Owner’s main role is the maintenance and the interpretation of the Product 
Backlog. According to Sutherland and Schwaber (2017), this can include the following tasks: 
 Clearly communicating Product Backlog items 






 Optimizing Development Team work 
 Keeping the Product Backlog visible, transparent, and clear to all so that the Scrum Team 
knows what to work on next 
 Ensuring the Development Team understands items in the Product Backlog to an 
appropriate level 
This work may be delegated to the development team, but it is ultimately the Product Owner 
who is accountable for it. Sutherland and Schwaber are clear that the Product Owner is intended 
to be one person. While this person may be flexible to the consideration, they clearly stress the 
importance that the product backlog is maintained by a single entity and not by committee 
(Sutherland & Schwaber, 2017). 
2.10.2 Product Owner in eduScrum 
 It is not difficult to bring this role to education. The teacher of a K-12 class has 
traditionally determined what is to be studied and when. The Product Backlog in terms of 
education is the curriculum to be taught and the standards/objectives to be met. Like the Product 
Owner, the teacher is accountable for material or standards that are not met. eduScrum describes 
the teacher as the Product Owner, but also as a servant leader to the teams of students in the 
class. In eduScrum, the teacher decides what is learned and how much time will be given to it. 
The teacher determines what projects the students will work on, sets the learning goals, and 





2.10.3 Scrum Master in Scrum 
 The Scrum Master is, according to Sutherland and Schwaber (2017), responsible for the 
implementation of Scrum on a project. They make sure everything runs smoothly and that the 
Scrum methods are upheld. They also help everyone understand Scrum theory, rules, practices 
and values (Sutherland & Schwaber, 2017). According to Sutherland and Schwaber (2017), the 
Scrum Master serve the Product Owner in the following ways: 
● Making sure that goals, scope, and product domain are understood by everyone on the 
Scrum Team to the greatest extent possible 
● Ensuring effective Product Backlog management 
● Aiding the Scrum Team to understand the need for Product Backlog items that are clear 
and concise 
● Clarifying how product planning works in an iterative environment 
● Mentoring the Product Owner on how to arrange the Product Backlog to create the 
maximum value 
● Demonstrating agility 
● Facilitating Scrum events as often as needed  
Sutherland and Schwaber (2017) also detail the way in which the Scrum Master serves the 





● Mentoring the Development Team in Scrum Values, Rituals, and Artifacts 
● Aiding the Development Team in the creation of value 
● Removing obstacles to the Development Team’s success 
● Facilitating Scrum events as often as needed 
● Mentoring the Development Team to implement Scrum in organizational environments in 
which Scrum is not fully adopted  
The role of a Scrum Master is to serve the other members of the Scrum process. The Scrum 
Master does not command or control the process. Rather, they do everything in their power to 
champion the process and remove roadblocks for the Development Team. 
2.10.4 Scrum Master in eduScrum 
Teachers are ultimately responsible for the structure and 
management of their classroom. Due to this accountability, it is 
the responsibility in many ways to serve as Scrum Master. The 
teacher is responsible for the implementation of 
Scrum/eduScrum and making sure that all stakeholders are 
aware of relevant practices, theory, and rules of the framework. 
They also influence student’s behavior and workflow through 
servant leadership. 





As a servant leader, the teacher is responsible to assist student teams and answer student 
questions. In addition to determining ‘what’ assignments the students work on, it is also 
essential, the teacher determines the ‘why’ of the assignment. Wijnands and Stolze (2019) 
observe how much more effective a student team is when they understand the ‘why’, or the 
importance and relevancy, of an assignment. This relevancy and importance should be personal 
to the students. Wijnands and Stolze (2019) describe it as: 
Start with the students’ ‘why’ to ask questions. Why are they in your class and 
‘must’ follow your subject. Explain to them its usefulness, and how they can 
use and apply it. Then they know and understand why they also need to do 
things they do not like to do. The ‘why’ is about passion, motivation, your 
heart-feeling, your inner self. This is not about what people believe in, it’s 
what they feel. (p. 9) 
They recommend Simon Sinek’s Golden Circle as a great place to begin when planning a 
project. The Golden Circle can be seen in Figure 4. The idea behind the Golden Circle is to start 
with why we do something, then figure out how to do it, and create what expresses it. In 
eduScrum, the teacher would decide what the students needed to do and explain why it will be 
relevant to the students. It is then the students’ responsibility to figure out how to do it. This 
gives the teacher the executive control of the Product Owner, while still allowing for the 





 The eduScrum framework also has a Team Captain selected for all student teams. The 
team captain can be chosen by the teacher or by the class. The Team Captain does not serve as 
boss of the team, but rather as an echo of the servant leadership of the teacher. They act as an 
‘oilman’, who helps the team and coaches them. While the teacher is accountable for the 
implementation of the Scrum process, the Team Captain helps facilitate and collaborate amongst 
the team members (Wijnands & Stolze, 2019). 
2.10.5 Development Team in Scrum 
 The Development Team, as described by Sutherland and Schwaber (2017), are a group 
“…of professionals who do the work of delivering a potentially releasable Increment of "Done" 
product at the end of each Sprint” (Sutherland & Schwaber, 2017). The team defines this “Done” 
increment and are given autonomy to manage their own work. The teams can range in size from 
3-9 members, not including the Scrum Master and Product Owner unless they are executing 
work on the Sprint Backlog (Sutherland & Schwaber, 2017). As described by Sutherland and 
Schwaber (2017), Scrum Development Teams share the following characteristics: 
● They organize themselves and decide amongst themselves how best to turn the Product 
Backlog items into releasable Increments 
● The Development Team has members with different skills that all contribute to the 
creation of the product Increment  





● The Development Team is one team: there are no sub-teams 
● Regardless of the individual skills of team members, all team members are accountable 
for a project’s success  
2.10.6 Development Teams in eduScrum 
 Teams in eduScrum consist of teams of four to five students. This is similar to traditional 
group projects in K-12 education. eduScrum teams, however, are self-organizing. This means 
that they figure out amongst themselves how to work together and accomplish the task. Team 
formation takes place before each sprint. Each team captain randomly selects members for their 
team based on gender. There is expected to be as even of a gender distribution as possible on 
Scrum teams. It is done anonymously so that students do not flock to friends or select teams that 
are single sex. The students stay in these for the duration of the sprint. The students choose a 
name for their team and begin making arrangements for how the team will work. Trust forms the 
foundation of these eduScrum teams. According to Wijnands and Stolze (2019), “students will 
see that if they trust each other and work together with pleasure, a good result is almost self-





2.11 Scrum Rituals and Artifacts 
2.1.1 Sprints in Scrum 
 The Sprint is essential to the Scrum process. Every other piece of Scrum is built to 
support the successful implementations of Sprints. A sprint is a “time-box” in which a useable 
product Increment is created, tested, and released. In this case, an Increment refers to a portion of 
the features, fixes, etc. listed in the Product Backlog. It is expected to be usable and 
implementable, as defined as “Done” by the Development Team before the Sprint starts. Sprints 
are a “time-box”, meaning that they occur within a set period of between one week and one 
month. This length is consistent throughout the entire development effort. A new Sprint begins 
as soon as a previous sprint closes (Sutherland & Schwaber, 2017). 
 The concept of an Increment that is “Done”, usable and releasable is essential to the 
sprint. Sprints are intended to accomplish a goal. Within the Sprint, there are several rituals that 





occur on a consistent basis. The goal of the Sprint is usually determined in the Sprint Planning 
meeting. Other rituals include Daily Standup Meetings (or Daily Scrums), the Sprint Review, 
and the Sprint Retrospective. Each of these rituals supports the Sprint and its goal in a different 
way. Sprints should not exceed the one-month timeframe (Sutherland & Schwaber, 2017). Other 
important considerations of the Sprint described by Sutherland and Schwaber (2017) include: 
● No additions or changes are made that would endanger the accomplishment of the Sprint 
Goal 
● The quality of the goals should not decrease 
● As new things are discovered, the scope can be re-negotiated between the Product Owner 
and the Development Team  
Figure 5 shows the general workflow in Scrum. Work is pulled from the Product Backlog to the 
Sprint Backlog; the Sprint Backlog is worked in the sprint and released as a working increment 
of software. The 24 h portion shows the Daily Scrum that occurs daily during the Sprint.  
2.11.2 Sprints in eduScrum 
 In the eduScrum Framework, the Sprint is a time frame defined by the teacher, in which a 
certain amount of work needs to be completed. The maximum amount of time of a sprint extends 
out to 2 months for eduScrum Sprints. The fundamental rituals of the Sprint are still relevant. 
Each sprint begins with planning and ends with a review and retrospective. During the sprint, the 





work. Although students have freedom to determine how they complete the work, the rituals and 
rules give structure to the framework (Wijnands & Stolze, 2019). 
 Having used several Scrum rituals in their classroom, the researcher can say that 
organizing classroom activities into short sprints rather than daily schedules helped my students 
immensely. In my classroom, the students were given a Flap (discussed below) electronically 
that contained all assignments the students needed to complete for the week. They were then 
given the freedom to choose which order they worked on them. The researcher observed a high 
completion rate amongst my students, but the researcher also had no control group to measure 
this against. 
2.11.3 Sprint Planning and Tracking in Scrum 
 In a Scrum Sprint, the Sprint Backlog is the guiding document for the Sprint. The Sprint 
Backlog is a set of items selected from the Product Backlog to be worked on during the Sprint. It 
also includes a plan for delivery of the product Increment and completing the Sprint Goal. The 
Sprint Backlog is the culmination of all work needed to meet the Sprint Goal. It usually also 
contains at least one high priority process improvement identified by the development team in 
the Sprint Retrospective. The work needed to be completed is constantly updated, showing the 
teams progress and adding new requirements are identified. The amount of work completed each 






 The Spring Backlog and Sprint Goal are determined during a Sprint Planning meeting at 
the beginning of the Sprint. The plan made during this meeting is created in collaboration with 
all members of the Scrum Team. The Planning meeting is time-boxed based on how long the 
Sprint will be. Eight hours is the maximum for a one-month Sprint. The Scrum Master is in 
charge of making sure the event takes place and everyone understands its purpose (Sutherland & 
Schwaber, 2017). The two major guiding questions of Sprint Planning outlined by Sutherland 
and Schwaber (2017) are: 
● What can be delivered in the Increment resulting from the upcoming Sprint? 
● How will the work needed to deliver the Increment be achieved? 
These questions help guide the team to the creation of a Sprint Backlog. These questions 
determine the Sprint Goal. The Sprint Goal is an objective that is to be met by the Development 
Team during the Sprint and helps guide the team in why they are creating the Increment. At the 
end of the meeting, the entire team should understand what they are doing, why they are doing it, 
and how they will organize themselves to accomplish it (Sutherland & Schwaber, 2017). 
 Scrum teams keep everyone on the same page by using Information Radiators. 
Information Radiators are tool or documents that are shown in public places so everyone can 
check in on how the team is doing. This helps keep the team to the value of transparency. One 
example of this is the Story Card Wall. A Story Card represents a user story and is the smallest 
piece of a product Increment. Story Cards are 1-2 sentences describing a needed function of the 





requirements. Instead, they serve as a 
“placeholder for conversation”. However, they 
should be testable and include criteria for 
acceptance into the release. The Story Card Wall 
is usually broken up into columns representing the 
function of the cards in it. A very simple version 
of this is the Kanban board, where there are four 
columns: to-do, doing, testing, and done. One important factor of Story Card Walls is that any 
member of the team can move cards from one column to the other at any time. This builds 
collaboration through inspection and transparency. Another aspect of successful Story Card 
Walls are work-in-progress (WIP) limits. In an example above, a WIP limit would restrict the 
amount of cards in doing to one card per person on the team. This forces the team to reach 
“Done” on each story card before moving to the next one (Lean Dog, 2019). 
 An important aspect of the Sprint Planning meeting, especially when using Story Cards, 
is to estimate/size the cards. These sizes are not based solely on time, but also on complexity and 
uncertainty as well. These planning processes are based on collaboration between the entire 
Scrum team, and the size is not set in stone until all team members agree. This size may also be 
changed at any time. There are several methods for this, including planning poker (discussed 
below), t-shirt sizes, etc. The numerical size determined by the team are normally referred to as 
Story Points. If a card is too big to complete in one Increment, it is usually broken down into 
less complex Story Cards (Lean Dog, 2019). 





 To track how close the team is to their goal, the team can use Story Points. The amount of 
story points complete in an iteration is the team’s Velocity. By calculating a team’s daily  
velocity and the total 
amount of Story 
Points needed in a 
sprint, a team can 
determine if they are 
on track to meet their 
Sprint Goal (Agile 
Alliance, 2020). One 
information radiator that uses Velocity to track a team’s progress is called a Burn Down Chart. 
A Burn Down Chart plots the team’s daily velocity against the work still needed to be done. This 
can show whether a team is on track or needs to complete more (Agile Alliance, 2020). Please 
see Figure 7 for an example of a Burn Down Chart. One criticism of the Burn Down Chart is that 
it does not specify whether the team is working on the correct things (Agile Alliance, 2020). For 
example, a team may be completing Story Cards that ignore the core functionality of the 
Increment, but the Burn Down Chart shows that they are being productive towards the Sprint 
Goal. 





2.11.4 Sprint Planning and Tracking in eduScrum 
 In eduScrum, the Planning Meeting takes place at the beginning of an assigned project. 
As stated above, the teacher is responsible for the “what” and the “why” of the assignment. 
Therefore, it is the teacher’s responsibility to ensure that everything is “ready” for the students. 
This means that all steps of the assignment that must be completed by the teacher before the 
team starts working on it. The students should walk right into planning and distributing the work. 
The student teams create a Flap (the eduScrum version of a Story Card Wall discussed below) 
and plan for “how” to complete the assignment (Wijnands & Stolze, 2019). This plan, as outlined 
by Wijnands and Stolze (2019), is guided by the following questions the students are expected to 
ask: 
● How much needs to be done? 
● How long will this take us? 
● How will we distribute the workload? 
● What tools do we need access to?  
Stories are used to describe the expectation of what the students should deliver. Each story 
contains the “what” and the “why” about the item to complete. Examples of stories include 
making assignments, writing a report, preparing a presentation, among other deliverables. The 
teams divide the assignment project into smaller actionable to-do items. Each to-do post it note is 





Criteria is the teacher’s way of ensuring that learning objectives are met. These can include 
assessments the students will need to complete, a rubric for the project, learning objectives, 
among other things. These are included on the Flap (Wijnands & Stolze, 2019). 
 The Flap is the 
equivalent of the Story Card 
Wall in Scrum. It is an 
information radiator that makes 
sure the teacher and all the 
students remain on the same 
page. The Flap contains the 
Stories, the Celebration Criteria, 
and the Tasks relevant to each 
team’s project. An example of the Flap can be seen in Figure 8. The tasks are split into the 
columns: to-do, doing, and done. The to-do column covers all tasks that need to be worked on in 
the Sprint. The doing column is any task that an individual has chosen to work on after 
consulting with the team. Some tasks may need to be worked on by ALL teammates (Wijnands 
& Stolze, 2019). In order for a task to reach the Done column, Wijnands and Stolze (2019) 
describe, three conditions must be met: 
● All team members must be in agreement that the task is complete. 
● The result must meet all requirements outlined in the celebration criteria. 





● All students should be able to answer any questions the teacher has correctly  
The Flap also contains a working agreement for the student team split between the team’s 
Definition of Doing and Definition of Fun. The Definition of Doing is the actual working 
agreement of the team. This is composed of statements defining how the team will work towards 
completing the project (eduScrum, 2020). Examples include “the report meets the requirements 
stated in the celebration criteria” and “created work is discussed with the team”. The Definition 
of Fun is composed of statements defining how the team will maintain a positive working 
environment. Examples include “puns will be made as much as possible” and “always giving 
positive feedback before negative feedback”. 
 Another important aspect of the Flap is Impediments. Impediments are obstacles the 
team is facing that could possibly keep them from successfully completing the project. These can 
include interpersonal issues, lack of materials, etc. They are also ranked in order if most 
detrimental. It is the responsibility of the team to remove obstacles, but the teacher may 
intervene where needed (Wijnands & Stolze, 2019). 
 The final aspect of the Flap is the Run-Up Chart. The Run-Up chart functions in the same 
way as the Burn-Down Chart in Scrum. For an example of a Run-Up Chart, please see Figure 9. 
Each task is assigned a number of points. One way that is utilized to determine the amount of 
points for a particular task is Planning Poker. In Planning Poker, Fibonacci numbers are used to 
rate how complex a task will be. Each member of the team submits a number on a card. The 





valued, the total amount of points for the Sprint are calculated. A line is drawn between 0 and the 
total. The team then calculates its daily 
velocity and compares it to that line. If 
a task has been marked done, it can be 
added to the Run-Up Chart. This is 
done each day during the Stand-Up. 
This tool helps students determine how 
they are stacking up to the class as a whole (Wijnands & Stolze, 2019). 
 The researcher has implemented several of the tools discussed above in my classroom to 
great effect. In my classroom, each student was working on individual assignments but 
collaboration was encouraged. Each student had a virtual Flap on Trello containing links to all 
assignments. At the beginning of each week, the students would be given cards containing links 
to all of their assignments. In the example of Figure 10, all cards are color coded to their 
purpose. The researcher observed that the students had a much easier time completing work with 
it visually laid out for them in this way. The students also appreciated the freedom to choose how 
they worked on things. The researcher did notice that certain students would move things to the 





Done column without actually 
completing them. Perhaps through 
the implementations of 
Definitions and Celebration 
Criteria, one could keep this from 
happening in the future.  
2.11.5 Daily Scrum in Scrum 
 In Scrum, the Daily Scrum 
(or Daily Stand-Up) is a time-boxed event that occurs each day during a Sprint. After the Daily 
Scrum, the development team works for the next 24 hours. The Daily Scrum is always held at the 
same time and place every day. The structure of the Daily Stand-Up is determined by the 
Development Team (Sutherland & Schwaber, 2017). Most Stand-Ups, as described by 
Sutherland and Schwaber (2017), include answering the following questions: 
● What have I completed since yesterday that has contributed to the Sprint Goal? 
● What can I do today to contribute to the Sprint Goal? 
● What impediments could prevent me or the Development team from meeting the Sprint 
Goal? 
The Daily Scrum is usually followed by more detailed discussions with relevant team members. 
The Scrum Master ensures that the meeting takes place, that every team member understands the 





importance of the meeting, and that visitors to the meeting do not interrupt it (Sutherland & 
Schwaber, 2017). 
 The importance of this meeting cannot be overstated. It makes sure that all team members 
understand the progress of the Sprint and agree on what they should be working on during that 
day. It also gives them a chance to update the information radiators. This is in alignment with the 
values of transparency, adaption, and inspection. 
2.11.6 Daily Scrum in eduScrum 
 In eduScrum, the Daily Stand-Up takes place at the beginning of each learning unit. 
Students come into the classroom and immediately put their Flap on the wall and begin updating 
it. These meetings are restricted to the first 5 minutes of class. It is necessary that all team 
members attend the meeting (Wijnands & Stolze, 2019). The meetings, as described by Wijnands 
and Stolze (2019), have a similar three questions to the meeting in Scrum: 
● What have I completed since the last Stand Up? 
● What can I complete before the next Stand Up? 
● What obstacles or impediments are in my or the teams way?  
Like in Scrum, there is no deeper discussion on the answers to these questions until after the 
Stand-Up meeting. The team captain ensures that this happens on a daily basis. After the 





 The researcher started using a Daily Standup to transition my students into the class. He 
would run it with his class, and each student would share their progress on their individual 
assignments. The researcher also added the question “What did we learn yesterday”. While the 
researcher does not think it helped the students on the level the Flap did, he does believe it 
helped the students’ transition into the classroom mindset. 
2.11.7 Sprint Review in Scrum 
 A Sprint Review, sometimes called a Show and Tell, is held at the finish of a Sprint. The 
purpose of this meeting is to inspect the Increment, share updates with all stakeholders, and 
adapt the Product Backlog. During the Sprint Review, all stakeholders meet to talk about what 
was completed and give feedback on the Increment. The meeting is a great time for discussions 
about the priority of Product Backlog items to be included in future increments. The meeting is a 
time-boxed event, normally timed to about 4 hours for a one-month Sprint. The meeting is 
considered informal; its intention is to elicit feedback and determine items for future sprints 
(Sutherland & Schwaber, 2017).The meeting, as described by Sutherland and Schwaber (2019), 
normally include the following items: 
● The whole Scrum Team and any key stakeholders should be in attendance 
● The Product Owner details which Product Backlog items have been “Done” and which 
haven’t 
● The Development Team discusses their performance, what problems they ran into, and 





● The Development Team demonstrates the Increment and answers any questions 
stakeholders have about it 
● The Product Owner discusses the current state of the Product Backlog and updates target 
and delivery dates 
● Through collaboration, the group determines priorities for future Sprints 
● The group discusses potential changes to the marketability of the product and how this 
affects the priority of items in the Product Backlog 
● The timeline, budget, potential capabilities, and marketplace for new changes are 
reviewed in the context of future releases 
2.11.8 Sprint Review in eduScrum 
 In an eduScrum classroom, Sprint Reviews happen much more frequently. Reviews 
normally occur every 3-4 hours of work. The Sprint Review is an opportunity for the student 
team to demonstrate what they have learned during the most recent cycle and receive feedback 
from the teacher. The type and structure of the meeting is determined by the teacher. These 
reviews allow the students to adapt their self-developed content and allow the teacher to check if 
the assignments are actually being completed. This should be communicated on a personal level 
as well as what was accomplished as a team (Wijnands & Stolze, 2019). A good Sprint Review, 
as stated by Wijnands and Stolze (2019), should answer the following questions: 





● Has the results met all the celebration criteria? 
● If not, how can the team address the missed celebration criteria? 
● What additional support or assistance can the teacher provide?  
Possible ways that students can communicate what they have learned include posters, 
presentations, and videos. This can be determined by the teacher or can be left up to the students. 
An eduScrum project usually culminates with a larger review meeting at the close of the project 
(Wijnands & Stolze, 2019). 
2.11.9 Sprint Retrospectives in Scrum 
 While the Sprint Review focuses on improvements made to the product over the course 
of the Sprint, the Sprint Retrospective focuses on improvements that can be made to the team 
and the Scrum structures. This meeting normally occurs between the Sprint Review and planning 
the next Sprint. It is limited to 3 hours for a one month Sprint (Sutherland & Schwaber, 2017). 
The purpose of the Sprint Retrospective, as described by Sutherland and Schwaber (2017), 
includes: 
● Discuss how the impact of people, relationships, process, and tools on the last Sprint 
● Determine what went well and what improvements could be implemented in future 
Sprints 





The Scrum Master ensures that this meeting takes place, that it stays positive and productive, and 
participates as a member of this meeting with equal accountability over the Scrum process. The 
Sprint Retrospective is an essential implementation of the values of Inspection and Adaptation. 
By the end of the Sprint Retrospective, the team should have a plan of how they will improve the 
Development process during the next Sprint (Sutherland & Schwaber, 2017). 
2.11.10 Sprint Retrospectives in eduScrum 
 Just like in Scrum, the student teams complete a Retrospective at the end of each project. 
Each team reflects on their on their achievement and discusses how they will do things better for 
the next project. The students also reflect on their individual progress and role within the team. 
Each student rates the other team member based on their qualities and skills (Wijnands & Stolze, 
2019).  Guiding questions for an eduScrum Retrospective, as outline by Wijnands and Stolze 
(2019) include:  
● What did we do well? 
● How can I improve my performance? How can I contribute to improvements in others’ 
performance? 
● How can we improve as a team? 
● What should we no longer do in the future? 
● What specifically could we do to improve in the next Sprint? 





● What did I contribute to the team? What have I learned from my team members? 
● For things that went well or didn’t go well, why did it turn out that way? 
● What felt like a waste of time? What did we do that really contributed to the quality of 
our project? 
● What processes should we keep in the next Sprint?  
These can be outlined by the teacher or determined by the team. 
 The Retrospective is one of the most important rituals in the eduScrum process. The 
Retrospective trains the students to self-reflect and give constructive feedback. Any 
postponement of this meeting is a major missed opportunity. A good retrospective includes a 
coach to guide the team through the process. The team should have a plan to improve their 
efforts in the next Sprint. This is also a good time to improve the Definition of Doing and the 
Definition of Fun (Wijnands & Stolze, 2019). 
2.12 Conclusion 
 Scrum offers an interesting methodology for classroom procedures. It gives the students 
the ability to plan their own work, while increasing collaboration, time-management, and self-
reflection skills in the process. It allows them to pursue more ambiguous and difficult projects, 
while still providing the structure necessary to bring success for students. There is not enough 
research to claim that Scrum is more beneficial for low-performing students, but the research 





Perhaps most importantly, for institutions preparing students for a career or collegiate experience 
in Computer Science, it aligns itself to what the students will experience in their future. It is an 
important methodology to be studied, and justifies its inclusion in this thesis. 
Chapter 3: New York State K-12 Computer Science Standards 
3.1 K-12 Computer Science Framework 
3.1.1 Background 
 The "K-12 Computer Science Framework" (2016) was created in response to questions 
such as "What should students be able to know and do in a K-12 computer science pathway?" 
and "What does computer science look like in the elementary, middle, and high school?" (p. 43). 
The framework was developed for states, districts, schools, and organizations to answer these 
questions and provide guidance for the development of standards and curriculum ("K-12 
Computer Science Framework", p. 1). The framework does not outline expectations for specific 
courses; it outlines guiding principles for course development. In the words of the "K-12 
Computer Science Framework" (2016): 
It does not provide grade level-specific outcomes, nor does it define 
course structure (the scope and sequence of topics in a particular course) 
or course pathways (the scope of topics and sequence across multiple 
courses). The five core concepts of the framework were not designed to 





courses; instead, the framework’s concepts and practices are meant to be 
integrated throughout instruction. (p. 15) 
The purpose of the framework is twofold: to outline concepts that should be touched on in 
computer science courses and detail practices that computer literate students should actively 
engage in ("K-12 Computer Science Framework", p. 3). 
 The framework outlines its vision to create students who are informed citizens. 
According to the "K-12 Computer Science Framework" (2016), students who are informed 
citizens can: 
● Critically engage in public discussion on computer science topics (p. 10) 
● Develop as learners, users, and creators of computer science knowledge and artifacts (p. 
10) 
● Better understand the role of computing in the world around them (p. 10) 
● Learn, perform, and express themselves in other subjects and interests (p. 10) 
The "K-12 Computer Science Framework" acknowledges how many stakeholders are involved in 
creating students with capabilities above. These stakeholders are considered the primary 
audience for the document. According to the "K-12 Computer Science Framework" (2016), these 
stakeholders include: 





● Standards and curriculum developers (with sufficient computer science experience) (p. 
15) 
● Current and new computer science teachers, including teachers from other subject areas 
and educators in informal settings (p. 15) 
● Supporting organizations (nonprofits, industry partners, and informal education) (p. 15) 
In order to ensure the needs of the developing students and other stakeholders are met, there are 
several themes woven through the different concepts and practices in the framework. The four 
themes prevalent in the work can be viewed in Table 5. These themes, and the concepts and 
practices developed from them, are reflect the current research in computer science education. 
The development of the framework was also highly dependent on feedback from its stakeholders. 
According to the "K-12 Computer Science Framework" (2016): 
Where specific computer science education research is lacking, the 
framework relies on the existing knowledge base of the practitioner 
community and research from other related content areas to guide 
decisions such as the developmental appropriateness of particular 
concepts. (p. 17) 








Table 5: Adapted from the "K-12 Computer Science Framework" (2016, p. 3)  
Theme Description 
Equity Issues of equity, inclusion, and diversity are addressed in the 
framework’s concepts and practices, in recommendations for standards 
and curriculum, and in examples of efforts to broaden participation in 
computer science education. 
Powerful 
ideas 
The framework’s concepts and practices evoke authentic, powerful 
ideas that can be used to solve real-world problems and connect 
understanding across multiple disciplines. 
Computatio
nal thinking 
Computational thinking practices such as abstraction, modeling, and 
decomposition intersect with computer science concepts such as 
algorithms, automation, and data visualization. 
Breadth of 
application 
Computer science is more than coding. It involves physical systems 
and networks; the collection, storage, and analysis of data; and the 
impact of computing on society. This broad view of computer science 




 The validity of the "K-12 Computer Science Framework" is connected to professional 
organizations in the field. Many of the ideas of the "K-12 Computer Science Framework" can be 
traced to the "US: A Model Curriculum for K-12 Computer Science, 2nd Edition" and the 
"CSTA K-12 Computer Science Standards" ("K-12 Computer Science Framework", 2016, p. 43). 
The organizations that published these documents also became part of the steering committee for 





worked as writers of the "K-12 Computer Science Framework" as well (p. 43). The frameworks 
from several other countries were used to "benchmark the concepts and practices of the 
framework" ("K-12 Computer Science Framework", p. 43). The framework also utilized the AP 
Computer Science curriculum and the Association for Computing Machinery's to pinpoint what 
level of knowledge and skill students would need to reach to continue with their computer 
science education after their K-12 program ("K-12 Computer Science Framework, p.16). 
3.1.3 Importance 
 The "K-12 Computer Science Framework" has garnered a lot of support from major 
educational and technology organizations. Some educational organizations that have announced 
their support in the “Statement of Support” (n.d.) for the framework include:  
● CSTA 
● ISTE 
● NYC Department of Education 
● Project Lead the Way 
● Code.org 
Several large technology companies have also vocalized their support of the framework. These 
companies are some of the largest employers of people in the computer science field, according 










● SAP  
The vocal support from these educational organizations and major companies in the 
technology industry has led to the use of the "K-12 Computer Science Framework" in the 
creation of state standards and curricula. Both California and Virginia have both utilized the 
framework to create their respective, state K-12 computer science standards (Lambert, 2018; 
Deruy, 2016). North Dakota did not explicitly state that it used the framework in the creation of 
its computer science standards, but is partnered with both Code.org and Microsoft in the creation 
of its statewide computer science education initiative (Foresman, 2018). It is safe to assume 
because it has partnered with two of the supporting organizations, the framework will be utilized 
to guide the development of this initiative. The framework is prevalent through many of the 
regulatory and supporting organizations of computer science education. 
3.1.4 "K-12 Computer Science Framework" Practices 
 The two major components of the "K-12 Computer Science Framework" are concepts 
and practices. It was determined since this thesis is limited to pedagogy and not conceptual 
knowledge related to computer science, the practices are of more interest than the concepts. 





several indicating behaviors listed accompanying it. ("K-12 Computer Science Framework", p. 
3) The practices and their indicating behavior are shown in Appendix E. 
 3.2 New York State Education Department Computer Science and Digital Fluency 
Learning Standards 
3.2.1 Background 
 The New York State Department of Education has established a preliminary set of 
Computer Science and Digital Fluency standards. According to a press release from the New 
York State Department of Education, the department created the standards with a variety of 
stakeholders in order to keep them relevant to a diverse population of students (New York State 
Board of Regents, 2020). The NYSED webpage devoted to these standards (Computer Science 
and Digital Fluency Learning Standards) further elaborates on the process for creating and 
approving the standards. In October 2018, an Authoring Workgroup and Review Panel were 
formed to ensure representation from a diversity of stakeholders. Between then and March 2019, 
the Authoring Workgroup produced the first draft. In April of that year, the Authoring Group 
compared the standards written by themselves and their colleagues and provided this feedback to 
the Education Department (New York State Education Department, 2020). 
 According to the NYSED website, the second draft of the standards was then reviewed 
by the Review Panel. The Review Panel went through several in-depth reviews of the standards. 
According to the New York State Education Department (2020), each review occurred through 





● Clarity and Focus (p. 6) 
● Coherence and Progression (p. 6) 
● Equity (p. 7) 
● Interdisciplinary Connections (p. 7) 
● Rigor (p. 7) 
● Relevance and Engagement (p. 7) 
● Specificity (p. 7) 
In July and August of that year, the NYSED staff and a Computer Science education consultant 
revised the standards to address the Review Panel’s feedback. The draft was presented to the 
Executive Standards Committee and Department Senior Leadership in September. The input 
from this meeting was included in another revision distributed for stakeholder feedback. 
 After receiving stakeholder feedback through a distributed survey, NYSED created a 
Workgroup to ensure that the standards reflected stakeholder feedback. This version of the 
standards is the version we see in circulation at the time of this thesis (New York State Education 
Department, 2020). 
3.2.1a The Standards 
 According to a report by the New York State Teacher’s Union, the NYSED referenced 
the K-12 Computer Science Framework in their creation of the standards (NYSUT Research and 
Educational Services, 2018). The core concepts are further outlined in the Press Release by the 





The New York State K-12 Computer Science and Digital Fluency 
Standards are organized into five Concepts: Impacts of Computing, 
Computational Thinking, Networks and Systems Design, Cybersecurity, 
and Digital Literacy. Each Concept contains two or more Sub-Concepts. 
Within the Sub-Concepts are a number of standards. The standards are 
grouped into grade-bands: K-2, 3-5, 6-8, and 9-12. Students are expected 
to master the standards by the end of the last year of the grade band. 
(para. 4-6)  
To see the standards in their entirety, please refer to Appendix F.  
3.2.2 Validity 
 The third draft of the standards were published for feedback from teachers, administrators 
and other professionals between October 15 and November 15, 2019. According to the report on 
the standards from the New York State Education Department (2020) website, the “…majority of 
responses were from K-12 educators and administrators; feedback was also received from higher 
education, advocacy groups, business/industry, nonprofit organizations, parents, students, and 
school board members” (p. 7). Included in the report is a response from the survey: 
“Approximately 60 percent of respondents indicated that they either moderately or strongly 
supported the standards overall; however, several themes clearly emerged as priorities for 





can ascertain that the majority of stakeholders approve of the standards. The standards that are 
currently in circulation at the time of writing this thesis incorporate that feedback. 
 The Board of Regents believes that these standards are representative of the skills 21st 
century citizens require. In a statement in the official press release of the standards, Board of 
Regents Chancellor Betty A. Rosa stated:  
We know that computer science and STEM fields are the jobs of the 
future, so it’s important that we invest in our children and provide them 
with access to training in these areas to ensure that all of New York’s 
students are prepared to compete for 21st century jobs…” (New York 
State Board of Regents, 2020, para. 2).  
As stated in the March 2018 Regents item: 
Through these concepts, students [will] engage in a variety of activities 
including: creating prototypes that use algorithms to solve computational 
programs; comparing interactions between application software, system 
software, and hardware layers; refining computational models based on 
data; evaluating the ways that computing impacts social and economic 
practices; and comparing various security measures of a computing 
system. These types of activities immerse students in creative problem 





computers can solve and how computers can solve them. (NYSUT 
Research and Educational Services, 2018, “What is Computer Science?”) 
The support from the Board of Regents supports the validity of the Computer Science and 
Digital Fluency Standards. 
 It is important to point out that the Computer Science and Digital Fluency Standards pay 
specific attention to younger populations of students. According to Board of Regents Chancellor 
Betty A. Rosa, the education of Elementary and Pre-K students in Computer Science is a 
priority. She stated in the official press release: “Further work to ensure the standards are 
developmentally appropriate for our youngest learners will ensure New York’s children are 
exposed to these vital skills early on” (New York State Board of Regents, 2020, para. 2). This 
sentiment is echoed in the next steps planned for the standards. According to the NYSED 
website, one of the next steps is “Engage further with early learning experts to ensure the K-2 
grade band standards are developmentally appropriate, and that both the clarifying statements 
and provided examples are helpful and relevant to K-2 teachers” (New York State Education 
Department, “Computer Science and Digital Fluency Learning Standards”, 2020). The urgency 
of early childhood education in Computer Science adds a validity not seen in other standards 
studied. 
3.2.3 Importance 
 The New York State Computer Science and Digital Fluency standards should be included 





the Methods class outlined in this thesis is for a teacher’s preparation program in New York 
State. The standards fulfill expectation outlined in the 2010 USNY Statewide Technology plan 
that “students, teachers, and leaders will have clear standards for what students should know and 
be able to do with technology” (New York State Board of Regents, 2020, para. 4). Board of 
Regents Chancellor Betty A. Rosa shares a similar sentiment in the Board of Regents press 
release. She states “…as the Board of Regents and the Department work to ensure that all 
students have access to a high-quality education, it’s critical that a comprehensive computer 
science curriculum is available to our students” (New York State Board of Regents, 2020, para. 
2). The Board of Regents, as outlined on the NYSED webpage, “…the Board of Regents 
conditionally approved New York State’s Learning Standards for Computer Science and Digital 
Fluency” (New York State Education Department, 2020, para. 1) in January 2020. According to 
the “Standards Development Process” portion of the webpage, one of the next steps is to “begin 
to develop resources and guidance to aid the field in implementing the standards in accordance 
with the proposed implementation timeline” (New York State Education Department, “Computer 
Science and Digital Fluency Learning Standards”, 2020). This adds additional relevancy to this 
thesis, as it can serve as a proposal as guidance for incorporating the standards into teacher 
preparation. 
 The other major reason for inclusion is the link between the standards and the process for 
Computer Science accreditation in New York State. According to the “Computer Science 





website, candidates need to complete a total of 12 hours of coursework in that addresses content 
in the following five concepts: 
● Algorithms and programming (para. 1) 
● Computing systems (para. 1) 
● Data and analysis (para. 1) 
● Impacts of computing (para. 1) 
● Networks and the internet (para. 1) 
These are the same core concepts addressed in the K-12 Computer Science framework and the 
NYSED Computer Science and Digital Fluency standards. This means that teachers training in 
Computer Science Education will be exposed to the concepts listed above and a Methods class 
that links them to their eventual classroom will be beneficial. The certification requirements 
outlined in “Computer Science Certificate Coursework Guidance” (2020) “mandate that students 
learn “the American Disabilities Act (ADA) website accessibility compliance requirements and 
how to code for accessibility” and “how computers can be used in educational settings to meet 
the needs of all learners, including those with learning differences” (New York State Department 
of Education, para. 3). Both of these topics are explored later in this thesis. 
 The changes brought on by the introduction of the standards not only affect new teachers, 
but also teachers currently teaching Computer Science at the K-12 level. According to NYSUT, 
“certified teachers who are or will be teaching computer science courses within the 5 years prior 





(SOCE) in Computer Science” (NYSUT Research and Educational Services, “Transition to 
Computer Science Certificate”, 2018). This gives current Computer Science teachers the ability 
to continue teaching their courses, but it does have an end point. According to NYSUT, the 
“SOCE is valid for a period of 10 years from the date it is issued” (NYSUT Research and 
Educational Services, “Transition to Computer Science Certificate”, 2018). It can be assumed 
that any Computer Science teacher planning to practice after 2032 will need to achieve the 
Computer Science Certification, extending the relevant reach of this thesis and the Methods class 
it outlines. 
3.3 International Society for Technology in Education Standards 
3.3.1 Background 
 What is now known as the ISTE Standards for Students was originally developed as the 
National Educational Technology Standards. According to Niederhauser et al. (2007), the 
"NETS*S were developed to provide standards and guidelines to help teachers effectively and 
meaningfully use technology with their students" (p. 484). These standards addressed the basic 
principles of student technology use and as Niederhauser et al. stated were "...aligned with the 
broader constructivist-based content-area curricular reform efforts that occurred in the 1980s and 
1990s" (2007, p. 484). The standards are constantly updated.  
 In the words of Dondlinger et al. (2016), the standards "describe both 'what' our students 
need to learn and the 'ways' they need to learn and think" (Dondlinger et al., 2016, p. 260). When 





It's important to note that although ISTE labels these “Standards,” they 
don't describe narrow, content-specific, performance objectives, such as 
those assessed by standardized tests. Instead, they describe broader 
intellectual competencies vital to productivity in a digital age—an age 
requiring more than mere proficiency with technology tools. (p. 259) 
The ISTE standards aren't meant to only address the content and proficiency of students. They 
are meant to address the abilities required to be a productive citizen in the modern digital age 
(Dondlinger et al., 2016, p. 260). 
 ISTE has adopted a holistic approach to standards development. In addition to the ISTE 
Standards for Students, ISTE has created standards for Administrators, Teachers, Coaches, 
Computer Science educators, and one for Computer Science educators with specific regards to 
Computational Thinking. Crompton (2014) outlines the uses for each of these standards (with the 
exception of the ISTE Standards for Computational Thinking) in her article. An adapted version 
of her table featuring the standards and their accompanying uses can be seen in Table 6. 
According to "NETS are now ISTE Standards" (2013), the specific benefits of using the 
standards include: 
● Improving higher-order thinking skills, such as problem solving, critical thinking, and 
creativity (p. 8) 
● Preparing students for their future in a competitive global job market (p. 8) 





● Guiding systemic change in schools to create digital places of learning (p. 8) 
● Inspiring digital age professional models for working, collaborating, and decision making  
(p. 8) 
The ISTE standards are one holistic approach to the development of curricula and classroom 
instruction in order to create more technologically literate students. 
Table 6: ISTE Standards and their Uses (Crompton, 2014, p. 39)  
ISTE Standards The ISTE Standards were used for: 
ISTE Standards for 
Students 
● Evaluating students' skills as they complete high school and 
go on to college 
● Measuring student and teacher technology use at different 
grade levels 
● Examining what needs to be better addressed in teacher 
education programs to help provide recommendations for 
addressing neglected areas 
ISTE Standards for 
Teachers 






● Assessing whether teachers are following the standards when 
faced with new technologies 
● Measuring teacher candidate proficiencies in the final year of 
study 
● Examining college/university faculty use of the standards 
● Evaluating and finding exemplary models of teacher 
education 
● Exploring adaptations of the standards for use in higher 
education 
ISTE Standards for 
Administrators 
● Determining what technology skills administrators have and 
what they are lacking 
● Examining the competencies found in unique societies (e.g., 
Native American schools) to determine what skills were 
lacking and how this society could be supported 
ISTE Standards for 
Coaches 
● Examining how tech coaches support teachers and how these 





ISTE Standards for 
Computer Science 
Educators 
● Considering the roles and responsibilities of the computer 
science community 
● Examining ideas for new curricula 
 
3.3.2 Validity 
 The ISTE standards are one of the most reputable technological standard sets out there 
presently. The standards are constantly used as a benchmark when judging the effectiveness of 
technological initiatives and programs in studies. The standards for teachers are directly aligned 
with the National Council for the Accreditation of Teacher Education (NCATE) standards 
(Friedman, Bolick, Berson, & Porfeli, 2009). The TPACK framework is a well-researched 
methodology that combines technical, content and pedagogical knowledge. The standards are 
well aligned with the TPACK framework of technological integration with pedagogy. According 
to Ronan (2018), this makes them the "leading set of standards for technology integration in 
education" (p. 7). 
 According to ISTE, this focus on pedagogy is the core of the ISTE standards 
(International Society for Technology in Education, 2016, p. 2). The development of the ISTE 
standards combines research with consultations with experts and opportunities for public 
feedback. This is a similar process to the one used by "the Council for the Accreditation of 
Educator Preparation (CAEP), the National Board for Professional Teaching Standards 





Technology in Education, 2016, p. 4). ISTE conducted a literature review to ensure that the 
standards were up to date with modern technological and educational research. As stated by 
ISTE (2016): 
In addition to feedback from experts and other stakeholders from the 
field, ISTE did a literature review to scan up-to-date thinking about the 
field of education technology. Even more importantly, however, was 
seeking research that showed the efficacy and overall value of various 
education practices and focus areas and to reflect in the 2016 ISTE 
Standards for Students rigorous approaches to learning and teaching with 
technology backed up by research, thought leadership and other data. 
These sources are primarily research papers and reports derived from 
academic, nonprofit or governmental studies but they also include a 
handful of illustrative or argumentative examples from the press or other 
mainstream sources. (p. 5) 
The ISTE standards are one of the most established and utilized set of educational technology 
standards. 
3.3.3 Importance 
 The ISTE standards are used widely throughout the country. The ISTE standards were 
utilized during the revision of the 2017 Ohio Learning Standards in Technology ("Ohio's 





Technology adopted the ISTE standards as their Digital Learning Standards in 2016 (Connecticut 
Commission for Educational Technology, n.d.). The reach of the ISTE standards extends beyond 
the United States. Dr. Crompton details how these standards are extensively used in other 
countries. As Crompton (2014) states: 
Researchers in Turkey and China, in particular, appear to be regular 
users of the standards, as numerous studies originated in these two 
countries. (p. 38) 
The standards are being adopted by many important educational institutions all over the world. 
3.3.4 ISTE Standards 
 The "ISTE Standards for Coaches" and the "ISTE Standards for Administrators" were 
considered outside the scope of this thesis, as they are outside the scope of what a teacher would 
use daily. The "ISTE Standards for Students" are detailed in Appendix D.  
3.4 Conclusion 
 The K-12 Computer Science Framework was created to provide states guidance in the 
creation of their standards and curriculum. It was utilized by the New York State Department of 
Education in their development of the Computer Science and Digital Fluency standards. This 
central link between the two sets of standards validates their inclusion in this thesis. The K-12 
Framework has multiple stamps of approval by industry powerhouses and Computer Science 





graduating from teacher preparation programs in the state should be well versed in them. The 
relevancy and connection of these two frameworks justifies their inclusion and use in this thesis. 
 The ISTE standards are the most established standards discussed in this thesis. Although 
they are the oldest educational framework discussed in this thesis, the continual updates they 
receive keep them relevant and modern. ISTE also was one of organizations that signed a letter 
of their support for the K-12 Computer Science Framework, which increases the connection 
between the three frameworks. The crosswalks between the K-12 Computer Science Framework 
and the ISTE Standards for Students (Appendix C-E) identifies interesting opportunities for 
instructional activities. 
 The Methods class outlined in Chapter 4 of this thesis will feature all three of these 
frameworks, incorporated into the instructional activities outline in the curriculum. Coding for 
accessibility and meeting a diversity of learning styles, mentioned in the certification 
requirements of New York State for Computer Science, will also be incorporated into the 
curriculum of the Method’s class. 
Chapter 4: Prospectus for a Master’s Level Methods Class at Buffalo 
State 
 Chapter 4 will proceed to outline my proposal of a Master’s level Methods Class for 
Computer Science Education Masters candidates at Buffalo State. The proposal will outline 





Scrum methodologies discussed in Chapter 2. The outline of the class will then be modeled and 
explained. Then a few recommendations regarding grading and classroom procedures will be 
discussed. It is assumed in this Chapter that classes will be 15 weeks long, with a 3-hour class 
once a week. Schedules that deviate from this format will discussed during the recommendations 
section. 
4.1 Student Learning Objectives 
 The class is divided into 3 Student Learning Objectives. Each Student Learning Objective 
details a particular aspect of the research done in this thesis. The first of the three SLO’s defines 
the students understanding of the Scrum and Agile processes. It reads as follows: 
 The students will be able to demonstrate use of the Agile framework through the 
implementation of eduScrum in the process of creating collaborative projects. 
This SLO defines that the students will show their understanding of Agile and Scrum processes 
using eduScrum. The class will be ran as an eduScrum classroom with the Professor functioning 
in the Teacher role and the students functioning in Student Teams. By participating in the class 
Sprints, the students will demonstrate their knowledge of the Agile framework. Demonstration 
falls under the Application umbrella in Bloom’s Taxonomy of Cognitive Development 
(Krathwohl, 2002). 
 The next SLO defines the students understanding of the different computer science 





 The students will be able to justify the inclusion of standards from ISTE, the K-12 
Framework, and NYSED in the creation of Computer Science curricula. 
During the creation of their projects, in this case Learning Segments for a K-12 Computer 
Science class, the students will be asked to include and justify several standards within their 
Learning Segments using relevant research. Some research will be provided to them, while other 
portions of research will be found by the students as needed. Justification falls under the 
Evaluation portion of Bloom’s Taxonomy (Krathwohl, 2002). 
 The final Student Learning Objective is for the students to design a Learning Segment, 
using Agile principles, in collaboration with other students. It reads as follows:  
 The students will be able to collaboratively create a Learning Segment that utilizes 
relevant research and standards to implement Agile and teach specific concept areas to 
designated student populations.  
Each sprint will give the students an opportunity to create a Learning Segment for a designated 
student population. Through this process, participants will learn how to plan collaboratively, 
utilize relevant research/standards, and meet the needs of specific populations. Creating is part of 
the Creation portion of Bloom’s Taxonomy (Krathwohl, 2002). 
4.2 Class Structure 
 The class will be divided into 7 sprints. The first sprint will begin on the first day of class. 





period with a Sprint Planning meeting. In this meeting, the Professor will act as the Scrum 
Master, reminding everyone of the importance of the event and that everyone understands its 
purpose. In the Sprint Planning meeting, the Professor will provide the students will a list of 
Stories and the Celebration criteria. Please see Appendix A for the full list of Stories and 
Celebration Criteria. The students will determine their list of To-Do’s during the Sprint Planning, 
their Definition of Doing, and their Definition of Fun. The students will also elect a Team 
Captain for that iteration, who is responsible for daily check-ins with the team and updating the 
information radiators. It is expected that each student will serve as a Team Captain at least once. 
 On the next class after the Sprint Planning meeting, the second class of the Sprint, the 
students will have the opportunity to conduct a Sprint Review with the Professor. The Professor 
will provide direct feedback on what the students have completed up to that point and address 
any impediments that the students are not able to work out. 
 Since the students are only meeting once a week. It is expected that they will conduct 
Daily Scrums through digital means, but it is up to the students to figure out how they will do 
this and complete a record of their interactions to be shown to the professor during the Sprint 
Reviews. 
 Another Sprint Review will take place on the last day of the Sprint. The students will 
present the iteration they made to the professor and any other student teams of the class. The 
professor will give them direct feedback, but will grade the project after that class. The class will 





students. Finally, the professor will give the student teams the next set of Stories and Celebration 
Criteria, and a new Sprint will begin. 
 The last day of class will be a longer, more involved Retrospective. This will be referred 
to as the Class Retrospective. In the Class Retrospective, the students will reflect on their 
performance in the class, the merits and improvement areas for future iterations of the class, and 
describe ways they will use what they learned in the class in their teaching practice. 
Improvements recommended will be taken into consideration for the next iteration of the class. 
 In this way, Agile methodologies are instituted at every level of the class. The students 
are detailing how they will utilize Agile in their classrooms to teach standards to different 
student populations. In the process of doing this, the students are utilizing Agile processes to 
manage collaborative work for the Method’s class. The Method’s class itself is also considered 
an iteration, improving and adapting with each new class of students. 
 Each sprint will have a “theme”, coinciding with a Concept from either the NYS K-12 
Computer Science and Digital Fluency Standards or the K-12 Computer Science framework. The 
Concepts include: 
● Impacts of Computing (New York State Department of Education, “Computer Science 
and Digital Fluency Learning Standards”, 2020) 
● Computational Thinking (New York State Department of Education, “Computer Science 





● Networks and System Design (New York State Department of Education, “Computer 
Science and Digital Fluency Learning Standards”, 2020) 
● Cybersecurity (New York State Department of Education, “Computer Science and 
Digital Fluency Learning Standards”, 2020) 
● Digital Literacy (New York State Department of Education, “Computer Science and 
Digital Fluency Learning Standards”, 2020) 
● Data and Analysis (New York State Department of Education, “Computer Science 
Certificate Coursework Guidance”, 2020) 
Out of all these Concepts, Computational Thinking is the largest, has the most Sub-Concepts and 
Standards. For this reason, Computational Thinking is used twice on the outline. The student 
teams are encouraged to focus on any Sub-Concept or subject that fits within this concept.  
Each Sprint includes a designated student population to accommodate the Learning 
Segment too. These populations include: 
● 12th Grade Suburban AP Computer Science Students 
● 8th Grade Rural Intro to Computing Students 
● 5th Grade Urban Students 
● 9th Grade Alternative Education Students 
● 10th Grade Urban Robotics Students 
● 11th Grade Computer Career and Technical Education Students 





These populations cover a wide range of different age and location demographics teachers 
leaving the Master’s program may run into. The order of these populations is based on the order 
outlined in Appendix A. This also calls on teachers from different teaching populations to utilize 
their particular expertise.  
The demographics listed above are suggestions, and the professor of the class has 
ultimate say in. The outline in Appendix A is a suggestion for how the class should operate. It is 
up to the professor and the class to determine how to implement eduScrum. In the outline, a 
general outline of each sprint is given. It states the student population, concepts, and key 
standards the students of the Method’s class need to tailor their Learning Segment to. A 
suggested research article is provided for the students Method’s class to reference in their 
justification of the Learning Segment. Several example ‘Student Stories’ are given, or what the 
students who would be completing the learning segment can expect to have accomplished by the 
end the Learning Segment. The Celebration Criteria for the Sprint are then provided. The Student 
Stories are suggestions, but the Celebration Criteria are expected to be met. 
4.3 Recommendations 
 Here are a few recommendations for the professor that would teach this class. The first is 
about sizing the classes. The amount of work for this class was planned for at least five students 
per team. The amount of work for this class should be adjusted to how many students are in the 
class. If a class only has three students enrolled, it would create a much larger workload. If there 





 The professor should communicate his expectations to the class. These expectations 
should include equal distribution of role of responsibility. The intention is to have each students 
work on each part of the Learning Segment at least once. Each student should have done relevant 
research and presented on it to the team and the professor at least once. Each student should fill 
the role of team captain at least once. The intention of Scrum is to distribute the work, but also 
that each team member has experience with every step of the process. 
 Lastly, the professor should consider how the role of digital resources and information 
radiators should be used. The ‘Suggested Research Literature’ featured in the outline is all from a 
digital publication named ‘Agile and Lean Concepts for Teaching and Learning’ published by 
Springer. This book is available online through the Buffalo State library circulation. Considering 
the effect of COVID-19 on Higher Education and the fact that the class only meets once a week, 
it is important that all information radiators and other important documents are accessible by all 
students digitally. The students should be prepared to work online digitally as much as in person. 
It should be the team captain’s responsibility to keep these information radiators updated and 
current. 
4.4 Conclusion 
 Above the researcher has modeled an example of how Agile concepts can be used in a 
classroom that prepares Master’s level teachers to utilize Agile to meet the needs of a diverse 





is a suggestion to Buffalo State in their creation of the Computer Science Educations Masters 
curriculum. 
Chapter 5: Discussion 
5.1 Merits 
5.1.1 The Case for Agile in a Constructivist Classroom 
 The rigid roles, rituals and artifacts of Scrum and eduScrum (2.10, 2.11) offer a structure 
to the process of problem-based learning (2.3). This is crucial to the field of Computer Science. 
The problems and projects of Computer Science are typically more ambiguous than projects and 
problems of other fields of study and often have no clear end point or completion criteria. In 
programming specifically, there may be no endpoint as there can always be new requirements 
added and new functionality needed. Requirements of a program are limited to the needs and 
desires of the users/clients. What are the limits on needs and wants? 
 The Scrum framework was developed by industry professionals to approach this 
theoretically limitless needs and wants in an iterative and incremental process (2.1). The 
eduScrum framework is deeply rooted in the constructivist theory of learning, which aligns the 
learning to processes of discovery that students would experience in the ‘real world’ (2.5.2). It is 
clear from the data on the use of Scrum in industry that if the students want an experience similar 
to that utilized in the ‘real world’, that Scrum or a Scrum variant is the best option for them 
(2.6.1). The initial assumption I made was that Scrum should be used in the classroom because it 





exposing them to industry practices will make them more marketable. While this is important, it 
ignores the fundamental purpose of Agile. Agile methodologies were created organically in order 
to facilitate collaboration, and approach large, ambiguous projects in the most effective way 
possible (2.1). In constructivist educational theory and problem-based learning, effective, 
incremental project management is valuable regardless of its connection to industry.  
 The use of Agile methodologies is inherently process-oriented. It creates an environment 
where students are responsible for the construction of knowledge and improvement of the 
learning process (2.5.2). Most importantly, it supports goal-oriented behavior, where students set 
their own goals and develop structures to achieve them (2.5.2). Saltz and Heckman’s research 
validates that a large majority of students internalize at least one Agile concept. The most 
common of these are self-organization and reflection (2.7). It also inherently embraces the use of 
digital literacies (2.5.2). This is extremely important, especially for students moving into the 
workforce or onto higher education.  
In the COVID-19 Pandemic, schools were shut down and students were required to do 
work online and independently. While there is no formal research on the affect this had on 
students at the time of writing this thesis, in my personal practice I have noticed a severe drop-
off in the student completion and understanding of material when removed from an environment 
of structure that a school provides. To prepare students to be lifelong learners, it is our 
responsibility to provide students with an education that prepares them for the independent 





thesis) provide students training in the skills to organize and attend to their learning outside of 
the structure of a school, regardless of whether this occurs from a pandemic or graduation from 
the school. 
5.1.2 The Case for eduScrum as A Method to Prepare Teachers to Teach Standards-Based 
Instruction 
 The prospectus for a Method’s class to teach eduScrum as a method of standards-based 
instruction is outlined in Chapter 4 of this thesis. It is important that a Method’s class prepare 
teachers for accreditation in their educational field. The standards discussed in Chapter 3, 
especially those from the draft of the NYSED Computer Science and Digital Fluency Standards, 
are directly aligned with the requirements for teacher certification in Computer Science (3.2.3). 
The need is not just for the teachers to have knowledge in each area of Computer Science, but to 
be able to use this knowledge in order to achieve the educational objectives outlined by these 
organizations in their classrooms.   
The outline and curriculum discussed in Chapter 4 gives students in the Teacher 
Preparation program the practice of incorporating these standards in the education of different 
student populations. Each student population utilized in Chapter 4 exists in the Western New 
York area surrounding Buffalo State, so it is reasonable to expect that any teacher graduating 
from the Buffalo State Computer Science Education Master’s program has a chance to encounter 





Through the use of eduScrum, the students are exposed to a cooperative and 
constructivist approach to education. This approach is modeled at all levels of the class (2.3). By 
experiencing eduScrum in the procedures of the class, through the creation of Learning Segments 
and from educational research on Agile in the classroom, the teachers will be given the 
opportunity to interpret Agile from all roles in the process. Through collaboration with students 
of other experience, each teacher candidate will be able to draw on that experience to improve 
their instruction of a diverse range of student populations. This is important, because effective 
collaboration with colleagues is a valuable skill for teacher candidates to have (2.5.2). Lastly, the 
teachers will walk out of the class with several Learning Segments they can use in their 
classrooms, that utilized constructivist and cooperative learning strategies to create a Learning 
Segment that teach standards-based instruction. 
5.2 Potential Pitfalls 
5.2.1 Criticism of the use of Scrum (or Scrum Variants) in a K-12 Classroom 
 While much of the research sees utilization of Agile as favorable for student learning 
outcomes, there is very little research on how it applies to the K-12 classroom (2.5). This creates 
a fair amount of uncertainty to the effectiveness at reaching educational objectives, especially 
with younger populations of students. There is a lot of research on the effectiveness of Scrum 
and eduScrum at the collegiate level; however, it is questionable that the same results would be 
reflected at the K-12 level. It is unclear how the maturity of college students affects the success 





In Loewus’ article (2017) describing Scrum being implemented at the middle school 
level, one teacher stated that he had to simplify aspects of Scrum in order to implement it in his 
classroom. The Scrum framework states that any deviation from the framework creates a 
framework that cannot be called Scrum (2.9). In Wijnands and Stolze’s paper describing 
eduScrum, they detail how problems in the utilization of eduScrum are usually related to 
deviations from eduScrum (2.9). I used some eduScrum rituals and artifacts in my classroom, but 
did not find success with all of them (2.4.1). Some questions to consider regarding the 
implementation of eduScrum in a K-12 Classroom include: 
 If a teacher needs to modify eduScrum in order to implement it in their classroom, will it 
still achieve the results that the research imply still take place?  
 Could this modified version of eduScrum still be considered eduScrum?  
 The creator of eduScrum originally implemented this with Middle and High School age 
students, but what about students younger than that? 
When discussing the educational outcomes of students, it is important to note that 
Swinburne found no improvement in the productivity or educational performance of low 
performing students (2.4.1). Constructivist education results in high educational outcomes for 
students who are already motivated, but so do many other theories of education. As educators, 
we need to consider the needs of all students when planning classes. The main question to 





does not improve the educational performance of low-performing students worth implementing? 
While I believe that it is, considering all of the benefits discussed above, some may not agree. 
5.2.2 Potential Problems with the Prospectus for Buffalo State 
 One of the potential issues of the class recommendation in Chapter 4 is that is limited as a 
general recommendation for a Master’s class (1.4). The SLO’s were not approved by Buffalo 
State and it is not tailored to the output required from Buffalo State classes. Significant changes 
may need to be made to the class in order to align itself with Buffalo State’s requirements for 
classes, especially since a Method’s class is a required class. If it were an elective offered to 
Buffalo State students, perhaps it would be under less scrutiny. 
 Several other assumptions made in the writing of this thesis could potentially create 
problems for the professor and students. I assumed that the workload outlined in Chapter 4 is 
appropriate for a team of 5 students (1.4). Depending on the actual size of the class, this will 
require large changes to the structure of the class. If student team members are absent from class 
meetings, this will prove a significant detriment to the teams. It is also assumed that sharing the 
workload will result in the best overall learning for each student (1.4). Besides research on Agile 
methodologies, there is no research in this thesis stating that to be the case.  
 Lastly, the class as outlined in Chapter 4 is heavy on practice and light on direct 
instruction (4.2). It is assumed that students will learn the Scrum process while they are engaging 
in it. Scott et al. discovered that student’s predilection towards particular learning styles (Active 





learning style (2.5). In Chapter 4, the proposal for a Method’s class leans heavily to the Active 
learning style. This could cause students predisposed to the Passive learning style to not achieve 
the same level of success as their Active peers. 
5.3 Options for Future Research 
 More research in needed on the implementation and effectiveness of Agile, Scrum and 
eduScrum at the K-12 educational level. It was nearly impossible to find any research on how 
this could be utilized at the elementary level. There needs to be more research around the use of 
Agile methodologies with low-performing students. There is not enough research to definitively 
say that Agile is not effective for low-performing students, or which aspects of Agile might be 
helpful for low performing students. For Agile as a whole, we don’t know what students get from 
individual rituals, roles, and artifacts. We only know how Agile as a whole improves students’ 
outcomes, so this could create an interesting opportunity for research. 
 eduScrum is modified to make Scrum fit within the structure of education (2.9). It is 
unclear whether students who are taught using the eduScrum framework directly understand how 
this relates to industry. An interesting opportunity for future research is whether students 
understand this connection and if not, what teachers can do to make this connection clearer. 
There are many opportunities for research in how to make Agile more effective in the classroom. 
 Tailoring the outline to Buffalo State’s expectations is another potential area for research. 
There were many assumptions made about what Buffalo States expects from a Master’s level 





teacher preparation classes. As these requirements become more apparent, it will most likely 
require changes to the outline in order to meet them. It also may be necessary to adjust the 
curriculum to changes in the final version of the New York State Computer Science and Digital 
Fluency Standards. 
5.4 Concluding Statement 
Children should be able to do their own experimenting and their own 
research. Teachers, of course, can guide them by providing appropriate 
materials, but the essential thing is that in order for a child to understand 
something, he must construct it himself, he must re-invent it. Every time 
we teach a child something, we keep him from inventing it himself. On 
the other hand that which we allow him to discover by himself will 
remain with him visibly for the rest of his life. (Piers, Piaget, 1972, p. 
27) 
 For those of us who subscribe to the constructivist view of education, we acknowledge 
the need for problem-based learning. Above, I have outlined how eduScrum can be used to 
successfully in both a teacher preparation program and in the K-12 classroom. Teachers in New 
York are required to implement standards into their teaching practice. I believe that problem-
based learning is the most effective way to teach these standards, and that eduScrum offers an 
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Appendix A: Outline of Sprints for the Recommendation to Buffalo State 
Sprint # 1 
Student 
Population 
12th Grade Suburban AP Computer Science Students 
Concept Computational Thinking 
Key Standards 9-12.CT.8 Identify a relevant module, library, or API and use it in 
a computer program to add a feature or functionality. 
 
9-12.CT.10 Develop a program that effectively uses control 
structures in order to create a computer program for practical intent, 
personal expression, or to address a societal issue. 
Suggested 
Research Literature 
Transforming Education with eduScrum by Willy Wijnands, Alisa 
Stolze 
 
eduScrum Guide by the eduScrum team 
Student Stories “I will be able to utilize Agile methodologies in the collaborative 
creation of a computer program.” 
 
“I will create a program for a ‘client’, making sure that the needs 
of the client are met.” 
 




“I have created a unit plan that teaches the use of Agile 
methodologies.” 
 
“I have communicated my understanding of relevant research to 
the professor, and how I have applied that research to the creation of 
the unit plan.” 
 
“I have justified my use of at least 4 standards, and clearly 
communicated this justification to the professor.” 
 
“I have created a unit plan that features all relevant instruction to 






“I have clearly communicated to the professor how all the lessons 
and projects in the unit plan contribute to the celebration criteria, 
objectives, and standards in the unit plan and build on each other.” 
 
“I have clearly communicated to the professor how my unit plan 
meets the needs of my designated student population.” 
 
“I have effectively utilized collaboration and Agile practices in the 
completion of this product.” 
 
Sprint # 2 
Student 
Population 
8th Grade Rural Intro to Computing Students 
Concept Digital Literacy 
Key Standards 6-8.DL.3 Compare types of search tools, choose a search tool for 
effectiveness and efficiency, and evaluate the quality of search tools 
based on returned results. 
 
ISTE for Students 3b Students evaluate the accuracy, perspective, 




Getting Agile at School by Paul Magnuson, William Tihen, 
Nicola Cosgrove, Daniel Patton 
Student Stories “I clearly communicate the difference between different search 
tools and media sources.” 
 
“I understand the impacts of media on the interpretation of events 
in the news and popular culture.” 
 
“I can clearly communicate the way that search tools affect the 
kind of information I receive.” 
 











“I have communicated my understanding of relevant research to 
the professor, and how I have applied that research to the creation of 
the unit plan.” 
 
“I have justified my use of at least 4 standards, and clearly 
communicated this justification to the professor.” 
 
“I have created a unit plan that features all relevant instruction to 
prepare the students for a final project, presentation, or assessment.” 
 
“I have clearly communicated to the professor how all the lessons 
and projects in the unit plan contribute to the celebration criteria, 
objectives, and standards in the unit plan and build on each other.” 
 
“I have clearly communicated to the professor how my unit plan 
meets the needs of my designated student population.” 
 
“I have effectively utilized collaboration and Agile practices in the 
completion of this product.” 
 
Sprint # 3 
Student 
Population 
5th Grade Urban Students 
Concept Cybersecurity 
Key Standards 3-5.CY.1 Explain why different types of information might need 
to be protected.   
 




Teaching and Fostering Reflection in Software Engineering 
Project Courses Håkan Burden, Jan-Philipp Steghöfer 
Student Stories “I know what data is given away when I use the internet and why 
it’s important to protect it.” 
 
“I know how to guard my identity when online.” 
 
“I can describe different ways people try to steal my identity and 







“I have created a unit plan that teaches the use of Agile 
methodologies.” 
 
“I have communicated my understanding of relevant research to 
the professor, and how I have applied that research to the creation of 
the unit plan.” 
 
“I have justified my use of at least 4 standards, and clearly 
communicated this justification to the professor.” 
 
“I have created a unit plan that features all relevant instruction to 
prepare the students for a final project, presentation, or assessment.” 
 
“I have clearly communicated to the professor how all the lessons 
and projects in the unit plan contribute to the celebration criteria, 
objectives, and standards in the unit plan and build on each other.” 
 
“I have clearly communicated to the professor how my unit plan 
meets the needs of my designated student population.” 
 
“I have effectively utilized collaboration and Agile practices in the 
completion of this product.” 
 
Sprint # 4 
Student 
Population 
9th Grade Alternative Education Students 
Concept Impacts of Computing 
Key Standards 9-12.IC.1 Evaluate the impact of computing technologies on 
equity, access, and influence in a global society. 
 
ISTE for Students 3d Students build knowledge by actively 
exploring real-world issues and problems, developing ideas and 
theories and pursuing answers and solutions. 
Suggested 
Research Literature 
Lean Learning of Risks in Students’ Agile Teams by Wentao 
Wang, Chaitra Thota, Xiaoyu Jin, Nan Niu, Carla C. Purdy 
Student Stories “I have related what I am learning in my computer class to events 
in the news or history.” 
 






“I have found an issue related to computing and made a 
recommendation to fix it.” 
Celebration 
Criteria 
“I have created a unit plan that teaches the use of Agile 
methodologies.” 
 
“I have communicated my understanding of relevant research to 
the professor, and how I have applied that research to the creation of 
the unit plan.” 
 
“I have justified my use of at least 4 standards, and clearly 
communicated this justification to the professor.” 
 
“I have created a unit plan that features all relevant instruction to 
prepare the students for a final project, presentation, or assessment.” 
 
“I have clearly communicated to the professor how all the lessons 
and projects in the unit plan contribute to the celebration criteria, 
objectives, and standards in the unit plan and build on each other.” 
 
“I have clearly communicated to the professor how my unit plan 
meets the needs of my designated student population.” 
 
“I have effectively utilized collaboration and Agile practices in the 
completion of this product.” 
 
Sprint # 5 
Student 
Population 
10th Grade Urban Robotics Students 
Concept Data and Analysis 
Key Standards 9-12.CT.2 Collect data from multiple sources for use in a 
computational artifact. 
 
ISTE for Students 6c Students communicate complex ideas clearly 
and effectively by creating or using a variety of digital objects such as 
visualizations, models or simulations. 
Suggested 
Research Literature 
Criterion-Based Grading, Agile Goal Setting, and Course 
(Un)Completion Strategies by Petri Ihantola, Essi Isohanni, Pietari 





Student Stories “I have collected data in the creation of my robot.” 
 
“I have developed conclusions from the data in the creation of my 
robot.” 
 
“I have clearly communicated to my teacher how I will use this 
data to improve my robot design.” 
Celebration 
Criteria 
“I have created a unit plan that teaches the use of Agile 
methodologies.” 
 
“I have communicated my understanding of relevant research to 
the professor, and how I have applied that research to the creation of 
the unit plan.” 
 
“I have justified my use of at least 4 standards, and clearly 
communicated this justification to the professor.” 
 
“I have created a unit plan that features all relevant instruction to 
prepare the students for a final project, presentation, or assessment.” 
 
“I have clearly communicated to the professor how all the lessons 
and projects in the unit plan contribute to the celebration criteria, 
objectives, and standards in the unit plan and build on each other.” 
 
“I have clearly communicated to the professor how my unit plan 
meets the needs of my designated student population.” 
 
“I have effectively utilized collaboration and Agile practices in the 
completion of this product.” 
 
Sprint # 6 
Student 
Population 
11th Grade Career and Technical Education Students in a 
Computer Trades Class 
Concept Networks and System Design 







9-12.NSD.3Develop and communicate multi-step troubleshooting 
strategies others can use to identify and fix problems with computing 
devices and their components. 
Suggested 
Research Literature 
Red-Green-Go! A Self-Organising Game for Teaching Test-
Driven Development by Suzanne M. Embury, Martin Borizanov, 
Caroline Jay 
Student Stories “I have a created a device that utilizes a network to solve a 
problem.” 
 
“I have tested the device and have demonstrated that it works as 
intended.” 
 
“I have clearly communicated how to operate the device and how 
to fix it if it malfunctions.” 
Celebration 
Criteria 
“I have created a unit plan that teaches the use of Agile 
methodologies.” 
 
“I have communicated my understanding of relevant research to 
the professor, and how I have applied that research to the creation of 
the unit plan.” 
 
“I have justified my use of at least 4 standards, and clearly 
communicated this justification to the professor.” 
 
“I have created a unit plan that features all relevant instruction to 
prepare the students for a final project, presentation, or assessment.” 
 
“I have clearly communicated to the professor how all the lessons 
and projects in the unit plan contribute to the celebration criteria, 
objectives, and standards in the unit plan and build on each other.” 
 
“I have clearly communicated to the professor how my unit plan 
meets the needs of my designated student population.” 
 
“I have effectively utilized collaboration and Agile practices in the 
completion of this product.” 
 







1st Grade Rural Students 
Concept Computational Thinking 
Key Standards K-2.CT.12Use a planning process to outline the steps taken to 
solve a problem or complete a task. 
 
K-2.CT.10 Develop an algorithm that uses repetition structures for 
creative expression or to solve a problem. 
Suggested 
Research Literature 
Using Agile Games to Invigorate Agile and Lean Software 
Development Learning in Classrooms by Rashina Hoda 
Student Stories “I have planned how I will solve a problem.” 
 
“I have communicated this plan to others.” 




“I have created a unit plan that teaches the use of Agile 
methodologies.” 
 
“I have communicated my understanding of relevant research to 
the professor, and how I have applied that research to the creation of 
the unit plan.” 
 
“I have justified my use of at least 4 standards, and clearly 
communicated this justification to the professor.” 
 
“I have created a unit plan that features all relevant instruction to 
prepare the students for a final project, presentation, or assessment.” 
 
“I have clearly communicated to the professor how all the lessons 
and projects in the unit plan contribute to the celebration criteria, 
objectives, and standards in the unit plan and build on each other.” 
 
“I have clearly communicated to the professor how my unit plan 
meets the needs of my designated student population.” 
 
“I have effectively utilized collaboration and Agile practices in the 







Appendix B: Differentiation of Scrum Topics by Learning Style 
 






Appendix C: Crosswalk Between K-12 Computer Science Framework and ISTE 
Standards 
Below you can find the results of a crosswalk performed during the research for this thesis. This 
Crosswalk is exploratory in nature, showing connections between the two frameworks for use in 
assignment creation. The crosswalk was created based on my personal judgement. For a more 
detailed description of each ISTE standard and the K-12 Computer Science Framework Practices 
that relate to it, please see Appendix D. For a more detailed description of each K-12 Computer 
Science Framework Practice and the ISTE Standards that relate to it, please see Appendix E. 
An X on the chart signifies a strong connection. An O signifies a weak connection. If there is an 
explanation point next to the notation, it shows a strong connection when viewing from one 
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Appendix D: K-12 Computer Science Framework Practices Relevant to Each ISTE 
Standard 
Standards that were determined to be highly related are bold. 
1. Empowered Learner 
STUDENTS LEVERAGE TECHNOLOGY TO TAKE AN ACTIVE ROLE IN CHOOSING, ACHIEVING AND 
DEMONSTRATING COMPETENCY IN THEIR LEARNING GOALS, INFORMED BY THE LEARNING SCIENCES. 
ISTE Standard Related K-12 Computer Science Framework Practice 
1.A articulate and set 
personal learning goals, 
develop strategies 
leveraging technology to 
achieve them and reflect 
on the learning process 
itself to improve learning 
outcomes. 
 2.2 Create team norms, expectations, and equitable 
workloads to increase efficiency and effectiveness. 
 2.4 Evaluate and select technological tools that can be used 
to collaborate on a project. 
 5.1 Plan the development of a computational artifact using 
an iterative process that includes reflection on and 
modification of the plan, taking into account key features, 
time and resource constraints, and user expectations. 
1.B build networks and 
customize their learning 
environments in ways that 
support the learning 
process. 
 2.1 Cultivate working relationships with individuals 
possessing diverse perspectives, skills, and personalities. 
 2.2 Create team norms, expectations, and equitable 
workloads to increase efficiency and effectiveness. 
1.C use technology to 
seek feedback that 
informs and improves 
their practice and to 
demonstrate their learning 
in a variety of ways. 
 2.3 Solicit and incorporate feedback from, and provide 
constructive feedback to, team members and other 
stakeholders. 
 5.3 Modify an existing artifact to improve or customize it. 
 6.2   Identify and fix errors using a systematic process. 
 6.3   Evaluate and refine a computational artifact multiple 
times to enhance its performance, reliability, usability, and 
accessibility. 
1.D understand the 
fundamental concepts of 
technology operations, 
demonstrate the ability to 
choose, use and 
troubleshoot current 
technologies and are able 
to transfer their 
 2.4 Evaluate and select technological tools that can be used 
to collaborate on a project. 
 4.3 Create modules and develop points of interaction that 
can apply to multiple situations and reduce complexity. 





knowledge to explore 
emerging technologies. 
 
2. Digital Citizen 
STUDENTS RECOGNIZE THE RIGHTS, RESPONSIBILITIES AND OPPORTUNITIES OF LIVING, LEARNING AND 
WORKING IN AN INTERCONNECTED DIGITAL WORLD, AND THEY ACT AND MODEL IN WAYS THAT ARE 
SAFE, LEGAL AND ETHICAL. 
ISTE Standard Related K-12 Computer Science Framework Practice 
2.A cultivate and manage 
their digital identity and 
reputation and are aware 
of the permanence of their 
actions in the digital 
world. 
 4.2 Evaluate existing technological functionalities and 
incorporate them into new designs. 
 5.3 Modify an existing artifact to improve or customize it. 
2.B engage in positive, 
safe, legal and ethical 
behavior when using 
technology, including 
social interactions online 
or when using networked 
devices. 
 1.1 Include the unique perspectives of others and reflect 
on one’s own perspectives when designing and developing 
computational products. 
 1.3 Employ self- and peer-advocacy to address bias in 
interactions, product design, and development methods. 
 2.1 Cultivate working relationships with individuals 
possessing diverse perspectives, skills, and personalities. 
 5.3 Modify an existing artifact to improve or customize it. 
2.C demonstrate an 
understanding of and 
respect for the rights and 
obligations of using and 
sharing intellectual 
property. 
 1.1 Include the unique perspectives of others and reflect 
on one’s own perspectives when designing and developing 
computational products. 
 
2.D manage their personal 
data to maintain digital 
privacy and security and 
are aware of data-
collection technology 
used to track their 
navigation online. 
 1.3 Employ self- and peer-advocacy to address bias in 
interactions, product design, and development methods. 
 5.3 Modify an existing artifact to improve or customize it 





STUDENTS CRITICALLY CURATE A VARIETY OF RESOURCES USING DIGITAL TOOLS TO CONSTRUCT 
KNOWLEDGE, PRODUCE CREATIVE ARTIFACTS AND MAKE MEANINGFUL LEARNING EXPERIENCES FOR 
THEMSELVES AND OTHERS. 
 
ISTE Standard Related K-12 Computer Science Framework Practice 
3.A plan and employ 
effective research 
strategies to locate 
information and other 
resources for their 
intellectual or creative 
pursuits. 
 7.1 Select, organize, and interpret large data sets from 
multiple sources to support a claim. 
3.B evaluate the accuracy, 
perspective, credibility 
and relevance of 
information, media, data 
or other resources. 
 7.1 Select, organize, and interpret large data sets from 
multiple sources to support a claim. 
3.C curate information 
from digital resources 
using a variety of tools 
and methods to create 




 4.1 Extract common features from a set of interrelated 
processes or complex phenomena. 
 4.4 Model phenomena and processes and simulate systems 
to understand and evaluate potential outcomes. 
 7.1 Select, organize, and interpret large data sets from 
multiple sources to support a claim. 
 7.2 Describe, justify, and document computational 
processes and solutions using appropriate terminology 
consistent with the intended audience and purpose. 
3.D build knowledge by 
actively exploring real-
world issues and 
problems, developing 
ideas and theories and 
pursuing answers and 
solutions. 
 1.2 Address the needs of diverse end users during the 
design process to produce artifacts with broad 
accessibility and usability. 
 1.3 Employ self- and peer-advocacy to address bias in 
interactions, product design, and development methods. 
 3.1 Identify complex, interdisciplinary, real-world 
problems that can be solved computationally. 
 3.2 Decompose complex real-world problems into 
manageable subproblems that could integrate existing 
solutions or procedures. 
 4.4 Model phenomena and processes and simulate systems 





 5.2 Create a computational artifact for practical intent, 
personal expression, or to address a societal issue. 
4. Innovative Designer 
STUDENTS USE A VARIETY OF TECHNOLOGIES WITHIN A DESIGN PROCESS TO IDENTIFY AND SOLVE 
PROBLEMS BY CREATING NEW, USEFUL OR IMAGINATIVE SOLUTIONS. 
 
ISTE Standard Related K-12 Computer Science Framework Practice 
4.A know and use a 
deliberate design process 
for generating ideas, 
testing theories, creating 
innovative artifacts or 
solving authentic 
problems. 
 1.2 Address the needs of diverse end users during the 
design process to produce artifacts with broad 
accessibility and usability. 
 3.1 Identify complex, interdisciplinary, real-world 
problems that can be solved computationally. 
 3.2 Decompose complex real-world problems into 
manageable subproblems that could integrate existing 
solutions or procedures. 
 4.2 Evaluate existing technological functionalities and 
incorporate them into new designs. 
 5.1 Plan the development of a computational artifact 
using an iterative process that includes reflection on 
and modification of the plan, taking into account key 
features, time and resource constraints, and user 
expectations. 
 5.2 Create a computational artifact for practical intent, 
personal expression, or to address a societal issue. 
 6.3   Evaluate and refine a computational artifact multiple 
times to enhance its performance, reliability, usability, and 
accessibility. 
4.B select and use digital 
tools to plan and manage 
a design process that 
considers design 
constraints and calculated 
risks. 
 2.4 Evaluate and select technological tools that can be 
used to collaborate on a project. 
 3.3 Evaluate whether it is appropriate and feasible to solve 
a problem computationally. 
 4.2 Evaluate existing technological functionalities and 
incorporate them into new designs. 
 5.1 Plan the development of a computational artifact using 
an iterative process that includes reflection on and 
modification of the plan, taking into account key features, 






4.C develop, test and 
refine prototypes as part 
of a cyclical design 
process. 
 4.2 Evaluate existing technological functionalities and 
incorporate them into new designs. 
 4.3 Create modules and develop points of interaction that 
can apply to multiple situations and reduce complexity. 
 5.2 Create a computational artifact for practical intent, 
personal expression, or to address a societal issue. 
 5.3 Modify an existing artifact to improve or customize it. 
 6.1 Systematically test computational artifacts by 
considering all scenarios and using test cases. 
 6.3   Evaluate and refine a computational artifact 
multiple times to enhance its performance, reliability, 
usability, and accessibility. 
4.D exhibit a tolerance for 
ambiguity, perseverance 
and the capacity to work 
with open-ended 
problems. 
 3.1 Identify complex, interdisciplinary, real-world 
problems that can be solved computationally. 
 3.2 Decompose complex real-world problems into 
manageable subproblems that could integrate existing 
solutions or procedures. 
 3.3 Evaluate whether it is appropriate and feasible to solve 
a problem computationally. 
 5.1 Plan the development of a computational artifact using 
an iterative process that includes reflection on and 
modification of the plan, taking into account key features, 
time and resource constraints, and user expectations. 
5. Computational Thinker 
STUDENTS DEVELOP AND EMPLOY STRATEGIES FOR UNDERSTANDING AND SOLVING PROBLEMS IN 
WAYS THAT LEVERAGE THE POWER OF TECHNOLOGICAL METHODS TO DEVELOP AND TEST SOLUTIONS. 
 
ISTE Standard Related K-12 Computer Science Framework Practice 
5.A formulate problem 
definitions suited for 
technology-assisted 
methods such as data 
analysis, abstract models 
and algorithmic thinking 
in exploring and finding 
solutions. 
 3.1 Identify complex, interdisciplinary, real-world 
problems that can be solved computationally. 
 3.2 Decompose complex real-world problems into 
manageable subproblems that could integrate existing 
solutions or procedures. 
 5.1 Plan the development of a computational artifact using 
an iterative process that includes reflection on and 
modification of the plan, taking into account key features, 





 5.2 Create a computational artifact for practical intent, 
personal expression, or to address a societal issue. 
5.B collect data or 
identify relevant data sets, 
use digital tools to 
analyze them, and 
represent data in various 
ways to facilitate 
problem-solving and 
decision-making. 
 2.4 Evaluate and select technological tools that can be 
used to collaborate on a project. 
 3.3 Evaluate whether it is appropriate and feasible to solve 
a problem computationally. 
 4.1 Extract common features from a set of interrelated 
processes or complex phenomena. 
 4.2 Evaluate existing technological functionalities and 
incorporate them into new designs. 
 4.4 Model phenomena and processes and simulate systems 
to understand and evaluate potential outcomes. 
 6.1 Systematically test computational artifacts by 
considering all scenarios and using test cases. 
 6.2   Identify and fix errors using a systematic process. 
 6.3   Evaluate and refine a computational artifact multiple 
times to enhance its performance, reliability, usability, and 
accessibility. 
 7.1 Select, organize, and interpret large data sets from 
multiple sources to support a claim. 
 7.2 Describe, justify, and document computational 
processes and solutions using appropriate terminology 
consistent with the intended audience and purpose. 
5.C break problems into 
component parts, extract 
key information, and 
develop descriptive 
models to understand 
complex systems or 
facilitate problem-solving. 
 3.1 Identify complex, interdisciplinary, real-world 
problems that can be solved computationally. 
 3.2 Decompose complex real-world problems into 
manageable subproblems that could integrate existing 
solutions or procedures. 
 4.1 Extract common features from a set of interrelated 
processes or complex phenomena. 
 4.4 Model phenomena and processes and simulate systems 
to understand and evaluate potential outcomes. 
 7.1 Select, organize, and interpret large data sets from 
multiple sources to support a claim. 
 7.2 Describe, justify, and document computational 
processes and solutions using appropriate terminology 
consistent with the intended audience and purpose. 
5.D understand how 
automation works and use 
algorithmic thinking to 
 3.2 Decompose complex real-world problems into 
manageable subproblems that could integrate existing 





develop a sequence of 
steps to create and test 
automated solutions. 
 4.3 Create modules and develop points of interaction 
that can apply to multiple situations and reduce 
complexity. 
 4.4 Model phenomena and processes and simulate systems 
to understand and evaluate potential outcomes. 
 5.1 Plan the development of a computational artifact 
using an iterative process that includes reflection on 
and modification of the plan, taking into account key 
features, time and resource constraints, and user 
expectations. 
 6.1 Systematically test computational artifacts by 
considering all scenarios and using test cases. 
 6.2   Identify and fix errors using a systematic process. 
6. Creative Communicator 
STUDENTS COMMUNICATE CLEARLY AND EXPRESS THEMSELVES CREATIVELY FOR A VARIETY OF 
PURPOSES USING THE PLATFORMS, TOOLS, STYLES, FORMATS AND DIGITAL MEDIA APPROPRIATE TO 
THEIR GOALS. 
 
ISTE Standard Related K-12 Computer Science Framework Practice 
6.A choose the 
appropriate platforms and 
tools for meeting the 
desired objectives of their 
creation or 
communication. 
 1.2 Address the needs of diverse end users during the 
design process to produce artifacts with broad 
accessibility and usability. 
 2.4 Evaluate and select technological tools that can be 
used to collaborate on a project. 
 3.3 Evaluate whether it is appropriate and feasible to solve 
a problem computationally. 
 4.2 Evaluate existing technological functionalities and 
incorporate them into new designs. 
 5.1 Plan the development of a computational artifact using 
an iterative process that includes reflection on and 
modification of the plan, taking into account key features, 
time and resource constraints, and user expectations. 
 7.1 Select, organize, and interpret large data sets from 
multiple sources to support a claim. 
6.B create original works 
or responsibly repurpose 
or remix digital resources 
into new creations. 
 1.1 Include the unique perspectives of others and reflect 






 5.1 Plan the development of a computational artifact using 
an iterative process that includes reflection on and 
modification of the plan, taking into account key features, 
time and resource constraints, and user expectations. 
 5.2 Create a computational artifact for practical intent, 
personal expression, or to address a societal issue. 
 5.3 Modify an existing artifact to improve or customize 
it. 
6.C communicate 
complex ideas clearly and 
effectively by creating or 
using a variety of digital 
objects such as 
visualizations, models or 
simulations. 
 2.4 Evaluate and select technological tools that can be 
used to collaborate on a project. 
 4.3 Create modules and develop points of interaction that 
can apply to multiple situations and reduce complexity. 
 4.4 Model phenomena and processes and simulate 
systems to understand and evaluate potential 
outcomes. 
 7.1 Select, organize, and interpret large data sets from 
multiple sources to support a claim. 
 7.2 Describe, justify, and document computational 
processes and solutions using appropriate terminology 
consistent with the intended audience and purpose. 
6.D publish or present 
content that customizes 
the message and medium 
for their intended 
audiences. 
 1.2 Address the needs of diverse end users during the 
design process to produce artifacts with broad 
accessibility and usability. 
 2.3 Solicit and incorporate feedback from, and provide 
constructive feedback to, team members and other 
stakeholders. 
 4.3 Create modules and develop points of interaction that 
can apply to multiple situations and reduce complexity. 
 5.2 Create a computational artifact for practical intent, 
personal expression, or to address a societal issue. 
 5.3 Modify an existing artifact to improve or customize it. 
7. Global Collaborator 
STUDENTS USE DIGITAL TOOLS TO BROADEN THEIR PERSPECTIVES AND ENRICH THEIR LEARNING BY 






ISTE Standard Related K-12 Computer Science Framework Practice 
7.A use digital tools to 
connect with learners 
from a variety of 
backgrounds and cultures, 
engaging with them in 
ways that broaden mutual 
understanding and 
learning. 
 1.1 Include the unique perspectives of others and 
reflect on one’s own perspectives when designing and 
developing computational products. 
 1.2 Address the needs of diverse end users during the 
design process to produce artifacts with broad 
accessibility and usability. 
 1.3 Employ self- and peer-advocacy to address bias in 
interactions, product design, and development methods. 
 2.1 Cultivate working relationships with individuals 
possessing diverse perspectives, skills, and 
personalities. 
 2.3 Solicit and incorporate feedback from, and provide 
constructive feedback to, team members and other 
stakeholders. 
7.B use collaborative 
technologies to work with 
others, including peers, 
experts or community 
members, to examine 
issues and problems from 
multiple viewpoints. 
 1.1 Include the unique perspectives of others and 
reflect on one’s own perspectives when designing and 
developing computational products. 
 1.2 Address the needs of diverse end users during the 
design process to produce artifacts with broad 
accessibility and usability. 
 2.1 Cultivate working relationships with individuals 
possessing diverse perspectives, skills, and 
personalities. 
 2.2 Create team norms, expectations, and equitable 
workloads to increase efficiency and effectiveness. 
 2.3 Solicit and incorporate feedback from, and provide 
constructive feedback to, team members and other 
stakeholders. 
 2.4 Evaluate and select technological tools that can be 
used to collaborate on a project. 
 6.3   Evaluate and refine a computational artifact multiple 
times to enhance its performance, reliability, usability, and 
accessibility. 
7.C contribute 
constructively to project 
teams, assuming various 
roles and responsibilities 
to work effectively 
toward a common goal. 
 1.1 Include the unique perspectives of others and reflect 
on one’s own perspectives when designing and developing 
computational products. 
 1.3 Employ self- and peer-advocacy to address bias in 





 2.1 Cultivate working relationships with individuals 
possessing diverse perspectives, skills, and personalities. 
 2.2 Create team norms, expectations, and equitable 
workloads to increase efficiency and effectiveness. 
 2.3 Solicit and incorporate feedback from, and provide 
constructive feedback to, team members and other 
stakeholders. 
 2.4 Evaluate and select technological tools that can be 
used to collaborate on a project. 
 5.1 Plan the development of a computational artifact using 
an iterative process that includes reflection on and 
modification of the plan, taking into account key features, 
time and resource constraints, and user expectations. 
 7.2 Describe, justify, and document computational 
processes and solutions using appropriate terminology 
consistent with the intended audience and purpose. 
7.D explore local and 
global issues and use 
collaborative technologies 
to work with others to 
investigate solutions. 
 1.1 Include the unique perspectives of others and 
reflect on one’s own perspectives when designing and 
developing computational products. 
 1.2 Address the needs of diverse end users during the 
design process to produce artifacts with broad 
accessibility and usability. 
 1.3 Employ self- and peer-advocacy to address bias in 
interactions, product design, and development methods. 
 2.1 Cultivate working relationships with individuals 
possessing diverse perspectives, skills, and personalities. 
 2.2 Create team norms, expectations, and equitable 
workloads to increase efficiency and effectiveness. 
 2.3 Solicit and incorporate feedback from, and provide 
constructive feedback to, team members and other 
stakeholders. 
 2.4 Evaluate and select technological tools that can be 
used to collaborate on a project. 
 3.1 Identify complex, interdisciplinary, real-world 
problems that can be solved computationally. 
 3.2 Decompose complex real-world problems into 
manageable subproblems that could integrate existing 
solutions or procedures. 
 5.2 Create a computational artifact for practical intent, 






(International Society for Technology in Education, 2016, p.14-16) 








Appendix E: ISTE Standards Relevant to Each K-12 Computer Science Practice 
Strong connections are marked in bold. 
K-12 Computer Science Framework 
Practice 1. Fostering an Inclusive Computing Culture 
Practice from K-12 
Framework 
Aligning ISTE Standards 
1.1 Include the unique 
perspectives of others and 
reflect on one’s own 
perspectives when 
designing and developing 
computational products. 
 1.C use technology to seek feedback that informs and 
improves their practice and to demonstrate their learning in a 
variety of ways. 
 6.C communicate complex ideas clearly and effectively by 
creating or using a variety of digital objects such as 
visualizations, models or simulations. 
 7.B use collaborative technologies to work with others, 
including peers, experts or community members, to 
examine issues and problems from multiple viewpoints. 
1.2 Address the needs of 
diverse end users during 
the design process to 
produce artifacts with 
broad accessibility and 
usability. 
 1.C use technology to seek feedback that informs and 
improves their practice and to demonstrate their learning 
in a variety of ways 
 3.D build knowledge by actively exploring real-world issues 
and problems, developing ideas and theories and pursuing 
answers and solutions. 
 6.D publish or present content that customizes the message 
and medium for their intended audiences. 
 7.A use digital tools to connect with learners from a variety of 
backgrounds and cultures, engaging with them in ways that 
broaden mutual understanding and learning. 
 7. B use collaborative technologies to work with others, 
including peers, experts or community members, to examine 
issues and problems from multiple viewpoints. 
 7.D explore local and global issues and use collaborative 
technologies to work with others to investigate solutions. 
1.3 Employ self- and peer-
advocacy to address bias 
in interactions, product 
design, and development 
methods. 
 3.D build knowledge by actively exploring real-world issues 
and problems, developing ideas and theories and pursuing 
answers and solutions. 
 7. B use collaborative technologies to work with others, 
including peers, experts or community members, to examine 





 7.D explore local and global issues and use collaborative 
technologies to work with others to investigate solutions. 
Practice 2. Collaborating Around Computing 
Practice from K-12 
Framework 
Aligning ISTE Standards 




skills, and personalities. 
 7.A use digital tools to connect with learners from a variety 
of backgrounds and cultures, engaging with them in ways 
that broaden mutual understanding and learning. 
 7.B use collaborative technologies to work with others, 
including peers, experts or community members, to examine 
issues and problems from multiple viewpoints. 
 7.D explore local and global issues and use collaborative 
technologies to work with others to investigate solutions. 
2.2 Create team norms, 
expectations, and 
equitable workloads to 
increase efficiency and 
effectiveness. 
 1.A articulate and set personal learning goals, develop 
strategies leveraging technology to achieve them and reflect on 
the learning process itself to improve learning outcomes. 
 1.B build networks and customize their learning environments 
in ways that support the learning process. 
 7.B use collaborative technologies to work with others, 
including peers, experts or community members, to examine 
issues and problems from multiple viewpoints. 
 7.C contribute constructively to project teams, assuming 
various roles and responsibilities to work effectively 
toward a common goal. 
 7.D explore local and global issues and use collaborative 
technologies to work with others to investigate solutions. 
2.3 Solicit and incorporate 
feedback from, and 
provide constructive 
feedback to, team 
members and other 
stakeholders. 
 1.C use technology to seek feedback that informs and 
improves their practice and to demonstrate their learning 
in a variety of ways. 
 4.D develop, test and refine prototypes as part of a cyclical 
design process. 
 6.D publish or present content that customizes the message and 
medium for their intended audiences. 
 7.B use collaborative technologies to work with others, 
including peers, experts or community members, to examine 
issues and problems from multiple viewpoints. 
2.4 Evaluate and select 
technological tools that 
can be used to collaborate 
on a project. 
 4.B select and use digital tools to plan and manage a design 






 5.B collect data or identify relevant data sets, use digital tools 
to analyze them, and represent data in various ways to 
facilitate problem-solving and decision-making. 
 6.C communicate complex ideas clearly and effectively by 
creating or using a variety of digital objects such as 
visualizations, models or simulations. 
 7.A use digital tools to connect with learners from a variety of 
backgrounds and cultures, engaging with them in ways that 
broaden mutual understanding and learning. 
 7.B use collaborative technologies to work with others, 
including peers, experts or community members, to 
examine issues and problems from multiple viewpoints. 
Practice 3. Recognizing and Defining Computational Problems 
Practice from K-12 
Framework 
Aligning ISTE Standards 
3.1 Identify complex, 
interdisciplinary, real-
world problems that can 
be solved 
computationally. 
 3.D build knowledge by actively exploring real-world issues 
and problems, developing ideas and theories and pursuing 
answers and solutions. 
 4.A know and use a deliberate design process for generating 
ideas, testing theories, creating innovative artifacts or solving 
authentic problems. 
 4.D exhibit a tolerance for ambiguity, perseverance and the 
capacity to work with open-ended problems. 
 5.A formulate problem definitions suited for technology-
assisted methods such as data analysis, abstract models and 
algorithmic thinking in exploring and finding solutions. 
 5.C break problems into component parts, extract key 
information, and develop descriptive models to understand 
complex systems or facilitate problem-solving. 
 7.B use collaborative technologies to work with others, 
including peers, experts or community members, to examine 
issues and problems from multiple viewpoints. 
3.2 Decompose complex 
real-world problems into 
manageable subproblems 
that could integrate 
existing solutions or 
procedures. 
 3.D build knowledge by actively exploring real-world issues 
and problems, developing ideas and theories and pursuing 
answers and solutions.5 
 4.A know and use a deliberate design process for generating 
ideas, testing theories, creating innovative artifacts or solving 
authentic problems. 
 4.D exhibit a tolerance for ambiguity, perseverance and the 





 5.A formulate problem definitions suited for technology-
assisted methods such as data analysis, abstract models and 
algorithmic thinking in exploring and finding solutions. 
 5.C break problems into component parts, extract key 
information, and develop descriptive models to understand 
complex systems or facilitate problem-solving. 
 7.B use collaborative technologies to work with others, 
including peers, experts or community members, to examine 
issues and problems from multiple viewpoints. 
3.3 Evaluate whether it is 
appropriate and feasible to 
solve a problem 
computationally. 
 4.D exhibit a tolerance for ambiguity, perseverance and the 
capacity to work with open-ended problems. 
 5.A formulate problem definitions suited for technology-
assisted methods such as data analysis, abstract models and 
algorithmic thinking in exploring and finding solutions. 
Practice 4. Developing and Using Abstractions 
Practice from K-12 
Framework 
Aligning ISTE Standards 
4.1 Extract common 
features from a set of 
interrelated processes or 
complex phenomena. 
 1.D understand the fundamental concepts of technology 
operations, demonstrate the ability to choose, use and 
troubleshoot current technologies and are able to transfer their 
knowledge to explore emerging technologies. 
 3.C curate information from digital resources using a 
variety of tools and methods to create collections of 
artifacts that demonstrate meaningful connections or 
conclusions. 
 5.B collect data or identify relevant data sets, use digital 
tools to analyze them, and represent data in various ways 
to facilitate problem-solving and decision-making. 
 5.C break problems into component parts, extract key 
information, and develop descriptive models to understand 
complex systems or facilitate problem-solving. 
4.2 Evaluate existing 
technological 
functionalities and 
incorporate them into new 
designs. 
 1.D understand the fundamental concepts of technology 
operations, demonstrate the ability to choose, use and 
troubleshoot current technologies and are able to transfer 
their knowledge to explore emerging technologies. 
 3.A plan and employ effective research strategies to locate 






 4.A know and use a deliberate design process for generating 
ideas, testing theories, creating innovative artifacts or solving 
authentic problems. 
 4.B select and use digital tools to plan and manage a design 
process that considers design constraints and calculated 
risks. 
 4.C develop, test and refine prototypes as part of a cyclical 
design process. 
 5.C break problems into component parts, extract key 
information, and develop descriptive models to understand 
complex systems or facilitate problem-solving. 
4.3 Create modules and 
develop points of 
interaction that can apply 
to multiple situations and 
reduce complexity. 
 1.B build networks and customize their learning environments 
in ways that support the learning process. 
 1.D understand the fundamental concepts of technology 
operations, demonstrate the ability to choose, use and 
troubleshoot current technologies and are able to transfer their 
knowledge to explore emerging technologies. 
 5.D understand how automation works and use algorithmic 
thinking to develop a sequence of steps to create and test 
automated solutions. 
 6.C communicate complex ideas clearly and effectively by 
creating or using a variety of digital objects such as 
visualizations, models or simulations. 
4.4 Model phenomena and 
processes and simulate 
systems to understand and 
evaluate potential 
outcomes. 
 1.D understand the fundamental concepts of technology 
operations, demonstrate the ability to choose, use and 
troubleshoot current technologies and are able to transfer their 
knowledge to explore emerging technologies. 
 3.C curate information from digital resources using a variety of 
tools and methods to create collections of artifacts that 
demonstrate meaningful connections or conclusions. 
 3.D build knowledge by actively exploring real-world issues 
and problems, developing ideas and theories and pursuing 
answers and solutions. 
 5.B collect data or identify relevant data sets, use digital tools 
to analyze them, and represent data in various ways to 
facilitate problem-solving and decision-making. 
 6.C communicate complex ideas clearly and effectively by 
creating or using a variety of digital objects such as 





Practice 5. Creating Computational Artifacts 
5.1 Plan the development 
of a computational artifact 
using an iterative process 
that includes reflection on 
and modification of the 
plan, taking into account 
key features, time and 
resource constraints, and 
user expectations. 
 1.A articulate and set personal learning goals, develop 
strategies leveraging technology to achieve them and 
reflect on the learning process itself to improve learning 
outcomes. 
 4.A know and use a deliberate design process for 
generating ideas, testing theories, creating innovative 
artifacts or solving authentic problems. 
 4.B select and use digital tools to plan and manage a design 
process that considers design constraints and calculated risks. 
 4.C develop, test and refine prototypes as part of a cyclical 
design process. 
 4.D exhibit a tolerance for ambiguity, perseverance and the 
capacity to work with open-ended problems. 
 5.A formulate problem definitions suited for technology-
assisted methods such as data analysis, abstract models and 
algorithmic thinking in exploring and finding solutions. 
 5.D understand how automation works and use algorithmic 
thinking to develop a sequence of steps to create and test 
automated solutions. 
 6.A choose the appropriate platforms and tools for meeting 
the desired objectives of their creation or communication. 
5.2 Create a 
computational artifact for 
practical intent, personal 
expression, or to address a 
societal issue. 
 1.A articulate and set personal learning goals, develop 
strategies leveraging technology to achieve them and reflect on 
the learning process itself to improve learning outcomes. 
 1.C use technology to seek feedback that informs and 
improves their practice and to demonstrate their learning in a 
variety of ways. 
 3.D build knowledge by actively exploring real-world issues 
and problems, developing ideas and theories and pursuing 
answers and solutions. 
 4.A know and use a deliberate design process for generating 
ideas, testing theories, creating innovative artifacts or solving 
authentic problems. 
 4.D exhibit a tolerance for ambiguity, perseverance and the 
capacity to work with open-ended problems. 
 5.A formulate problem definitions suited for technology-
assisted methods such as data analysis, abstract models and 





 6.A choose the appropriate platforms and tools for meeting the 
desired objectives of their creation or communication. 
 6.D publish or present content that customizes the message and 
medium for their intended audiences. 
 7.B use collaborative technologies to work with others, 
including peers, experts or community members, to examine 
issues and problems from multiple viewpoints. 
 7.D explore local and global issues and use collaborative 
technologies to work with others to investigate solutions. 
5.3 Modify an existing 
artifact to improve or 
customize it. 
 1.C use technology to seek feedback that informs and 
improves their practice and to demonstrate their learning in a 
variety of ways. 
 1.D understand the fundamental concepts of technology 
operations, demonstrate the ability to choose, use and 
troubleshoot current technologies and are able to transfer their 
knowledge to explore emerging technologies. 
 4.C develop, test and refine prototypes as part of a cyclical 
design process. 
Practice 6. Testing and Refining Computational Artifacts 
6.1 Systematically test 
computational artifacts by 
considering all scenarios 
and using test cases. 
 1.C use technology to seek feedback that informs and 
improves their practice and to demonstrate their learning in a 
variety of ways. 
 1.D understand the fundamental concepts of technology 
operations, demonstrate the ability to choose, use and 
troubleshoot current technologies and are able to transfer their 
knowledge to explore emerging technologies. 
 4.C develop, test and refine prototypes as part of a cyclical 
design process. 
 5.B collect data or identify relevant data sets, use digital tools 
to analyze them, and represent data in various ways to 
facilitate problem-solving and decision-making. 
 5.D understand how automation works and use algorithmic 
thinking to develop a sequence of steps to create and test 
automated solutions. 
6.2   Identify and fix 
errors using a systematic 
process. 
 1.C use technology to seek feedback that informs and 
improves their practice and to demonstrate their learning in a 
variety of ways. 
 1.D understand the fundamental concepts of technology 





troubleshoot current technologies and are able to transfer their 
knowledge to explore emerging technologies. 
 4.C develop, test and refine prototypes as part of a cyclical 
design process. 
 5.B collect data or identify relevant data sets, use digital tools 
to analyze them, and represent data in various ways to 
facilitate problem-solving and decision-making. 
 5.D understand how automation works and use algorithmic 
thinking to develop a sequence of steps to create and test 
automated solutions. 
6.3   Evaluate and refine a 
computational artifact 
multiple times to enhance 
its performance, 
reliability, usability, and 
accessibility. 
 1.C use technology to seek feedback that informs and 
improves their practice and to demonstrate their learning in a 
variety of ways. 
 1.D understand the fundamental concepts of technology 
operations, demonstrate the ability to choose, use and 
troubleshoot current technologies and are able to transfer their 
knowledge to explore emerging technologies. 
 4.C develop, test and refine prototypes as part of a cyclical 
design process. 
 5.B collect data or identify relevant data sets, use digital tools 
to analyze them, and represent data in various ways to 
facilitate problem-solving and decision-making. 
 6.D publish or present content that customizes the message 
and medium for their intended audiences. 
 7.D explore local and global issues and use collaborative 
technologies to work with others to investigate solutions 
Practice 7. Communicating About Computing 
7.1 Select, organize, and 
interpret large data sets 
from multiple sources to 
support a claim. 
 3.C curate information from digital resources using a 
variety of tools and methods to create collections of 
artifacts that demonstrate meaningful connections or 
conclusions. 
 5.B collect data or identify relevant data sets, use digital tools 
to analyze them, and represent data in various ways to 
facilitate problem-solving and decision-making. 
 5.C break problems into component parts, extract key 
information, and develop descriptive models to understand 
complex systems or facilitate problem-solving. 
 6.C communicate complex ideas clearly and effectively by 
creating or using a variety of digital objects such as 





 6.D publish or present content that customizes the message and 
medium for their intended audiences. 
7.2 Describe, justify, and 
document computational 
processes and solutions 
using appropriate 
terminology consistent 
with the intended 
audience and purpose. 
 3.C curate information from digital resources using a variety of 
tools and methods to create collections of artifacts that 
demonstrate meaningful connections or conclusions. 
 5.B collect data or identify relevant data sets, use digital tools 
to analyze them, and represent data in various ways to 
facilitate problem-solving and decision-making. 
 5.C break problems into component parts, extract key 
information, and develop descriptive models to understand 
complex systems or facilitate problem-solving. 
 6.C communicate complex ideas clearly and effectively by 
creating or using a variety of digital objects such as 
visualizations, models or simulations. 
 6.D publish or present content that customizes the message 
and medium for their intended audiences. 
 7.B use collaborative technologies to work with others, 
including peers, experts or community members, to examine 
issues and problems from multiple viewpoints. 
 7.C contribute constructively to project teams, assuming 
various roles and responsibilities to work effectively toward a 
common goal. 
 
(International Society for Technology in Education, 2016, p.14-16) 











































































































































































































































































































































































(New York State Education Department, “Computer Science and Digital Fluency Learning Standards”, 2020, p. 14-
54) 
